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ROM Feb. 11 to March 8, 1958 a group of five Soviet specialists, among them 

myself, visited the United States. Complying with Dr. Louis Lasagna’s 
request, I wish to tell the readers of the JOURNAL OF CHRONIC DISEASES about 
my impressions of our tour. 

We were the guests of Smith, Kline & French Laboratories, Philadelphia, our 
visit being in response to a similar visit paid our country by five experts of the 
above-named firm. During our stay in the U. S. we visited a great number of 
institutions, and, therefore, the time we could spend at each was rather short 
and our acquaintance with them a little perfunctory. It goes without saying 
that I can speak only about my personal impressions. It was impossible to 
make a serious and thorough study of the work of the institutions we visited. 

Among these institutions were three pharmaceutical firms (Smith, Kline & 
French Laboratories, Penick & Co., and Lederle Laboratories), a number of 
universities (the University of Pennsylvania, Columbia University, Harvard 
University, the University of New York, The Johns Hopkins University, and 
the University of New Jersey), and some special institutions (the Sloan-Ketter- 
ing Institute and the National Institutes of Health). 

According to our general impression, much attention is paid in the U. S. to 
medical research, especially in the field of pharmaceutics. The discovery of new 
drugs and medical procedures is concentrated mostly in the laboratories of phar- 
maceutical firms. The study of the mechanism of action of these medicines is 
carried out in the laboratories of various universities and research institutes. 
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Much consideration is also given to the research on chemotherapeutic means 
for curing malignant neoplasms. In this field much work is done by the labo- 
ratory at Columbia University under the direction of Dr. Gellhorn. The 
research done there has shown that the only right method for the selection of 
such drugs is by tests on experimental tumors. No other ‘‘models,”’ 1.e., bacterial 
cultures, cultures of tissues, etc., can replace the selection of tumors. In the 
Soviet Union we have reached this conclusion long ago and we stick to it in our 
practical work. We grew convinced that not everyone shares this opinion in 
the United States, and in quite a few scientific institutions the selection is done 
on models which are, in our opinion, inadequate (bacteriologic cultures, mush- 
room cultures, pathogen protozoas, cultures of normal tissues, etc.) 

In the field of cancer chemotherapy, extensive work is done at the Sloan- 
Kettering Institute, the head of which is Dr. Cornelius Rhoades. The Institute 
spends 61 per cent of its budget on cancer chemotherapy. The experimental can- 
cer chemotherapy is headed by Dr. Chester Stock, whereas Dr. David Karnofsky 
is head of the work for clinical chemotherapy. The research on anticancer medi- 
cines is carried out both with antibiotics and with synthetic materials (nitrogen 
mustards, derivatives of ethylenimine, folic acid antagonists, derivatives of 
pyrimidine and purine, and steroid compounds). 

The elucosides (especially ribosides) of derivatives of purine and pyrimidine 
are considered by the Institute as most promising. The Institute also hopes to 
obtain good results from ribosides of thioguanine which, at the time, are being 
subjected to clinical research. Good experimental results were obtained with 
the desoxyriboside of 5-fluororuracil; 3, 4-diaminopyrazolopyrimidine and 4-ami- 
nopyrazolopyrimidine. 

Very interesting research is done in the Children’s Cancer Hospital in Boston 
under the direction of Dr. Sidney Farber. This work is concentrated on the 
chemotherapy of malignant tumors. Great attention is paid to the possibility 
of curing leukoses. The work has a twofold program: (1) accidental selection 
ind (2) discovery of chemical materials which inhibit the biochemical degree of 
metabolism (antagonists of folic acid, antagonists of py rimidine and purine, and 
antagonists of essential amino acids). 

This hospital has a special synthetic laboratory, the head of which is Dr. 
Modest. The primary selection-of materials is done in the laboratory of Dr. D. 
| oley > 

From a methodological point of view it is most interesting to observe the 


use of chemotherapeutic experiments of human tumors grafted into the mem- 


branes of the cheekpouches of Syrian hamsters previously subjected to treat- 
ment with cortisone. 

The National Cancer Institute in Bethesda, Maryland, carries out very 
‘ntensive research on anticancer drugs. This Institute is leading all the work 
‘1 the U. S. connected with this problem. We were given to understand that 
10,000 synthetic materials and 30,000 antibiotic ‘‘beers’’ are being subjected 
to research every year in the U. S. for possible anticancer activities. Synthetic 
materials are obtained from the various industries. The clinical research on 
anticancer drugs is also organized on a large scale: 250 medical doctors are doing 


Moro IMPRESSIONS OF TOUR OF U.S.A. 
research in 160 hospitals which are split up into 18 groups. Each group is working 
on different species of tumors. 

Research on anticancer drugs is also done at the Medical School of The 
Johns Hopkins University, at the Microbiological Institute of the University 
of New Jersey, at Lederle Laboratories, and at various other organizations which 
we visited. 

Extensive work in the field of research on anticancer drugs may, in the 
future, prove fruitful; however, the results obtained till now are still rather 
modest. The greatest achievements so far lie in the field of curing malignant 
neoplasms of the blood. Among the drugs in this group the most significant 
are chlorambucil and Myleran, discovered in England, and 6-mercaptopurine 
and triethylene thiophosphoramide, discovered in the U. S. With the exception 
of chlorambucil, all the above-mentioned drugs have been studied in the Soviet 
Union and have won high praise. 

Quite a few American laboratories study chemotherapeutic means for curing 
virus infections. In spite of extensive work, however, and in spite of a number 
of achievements in regard to methodological problems, no remedies against 
virus infections have yet been found. The situation is about the same in our 
country. For the cure of virus influenza, a number of drugs, including thio- 
semicarbazone, have been considered in the Soviet Union; however, none of 
these have as yet been clinically proved on a sufficiently large scale. 

We had a short but very enlightening talk with Professor Walsh McDermott 
about today’s state of chemotherapeutic antituberculosis drugs. The most 
widely used drugs in the U. S. for curing tuberculosis are hydrazides of isoni- 
cotinic acid, streptomycin, and dihydrostreptomycin, as well as salts of para- 
aminosalicylic acid. Some clinicians also use various new drugs, but all of these 
have quite substantial deficiencies and are used only in those cases where the 
basic drugs prove ineffective. 

Much attention is also paid in the U. S. to research on drugs affecting the 


central nervous system, especially tranquilizers. Derivatives of phenothiazine 
are studied very carefully in order to find drugs, the curative effects of which 


are better than those of chlorpromazine. 

Smith, Kline & French Laboratories carry out extensive work in the above- 
mentioned field. The research on drugs affecting the central nervous system 
makes wide use of the conditioned reflexes, the study of which was founded by 
our countryman, I. P. Pavlov. We were very gratified to find that the method 
of conditioned reflexes is applied more and more widely in the U.S. Doubtlessly, 
the activity of the Pavlovian Laboratory of The Johns Hopkins University, 
under the direction of Professor Horsley Gantt, has contributed greatly to this 
fact. Dr. Skinner’s technique is applied for studying the activity of curative 
drugs on the higher nervous function by means of conditioned reflexes. Dr. Skin- 
ner works in collaboration with the staff of the Pharmacological Laboratory of 
the Medical School of Harvard University. 

Very extensive and fruitful work is done in research on anticonvulsive reme- 
dies by the Neurological Clinic at Columbia University, which is headed by Dr. 
Merritt. 
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We were highly interested in a drug called Indoklon, synthetized in the 
laboratories of Smith, Kline & French. This drug is being studied in the Psychi- 
atric Clinic of Columbia University. Indoklon (hexafluordiethyl ether) is a 
highly volatile fluid which, inhaled, produces convulsions in humans. The drug 
itself and the effects thereof are easily titrated, exactly as is narcosis by inhaling 
anesthetic agents. Indoklon is used for convulsive treatment of psychic diseases. 
The conclusive activity of Indoklon is rather unexpected. Because of the relation 
between structure and pharmacological action, one would rather have expected 
the drug to act as an anesthetic agent. 

We have to state that in the U. S. tranquilizers are used a great deal, prob- 
ably more often than necessary. It was important to us to learn the opinions 
of clinicians comparing the qualities of various tranquilizers. According to al- 
most unanimous opinion, if we forego the old sedatives which have a soporific 
effect (barbiturates, etc.), chlorpromazine and reserpine are considered the best. 
Some new drugs (e.g., meprobamate) got a less enthusiastic approval. 

It is our impression that the question of side effects of the application of new 
tranquilizers is relatively little studied in the United States. The work of Dr. 
Roizin (Neurological Clinic of Columbia University) should certainly be men- 
tioned here. His work indicates that the prolonged administration of large doses 
of chlorpromazine causes heavy injuries in the animal organism together with 
morphologic injuries in a number of organs (liver, testicles, brain). 

The discovery of medicines affecting the vascular system of the heart is 
considered very important in the U. S. It is quite interesting to watch Dr. 
Bernard Brodie’s approach to this problem. Dr. Brodie is head of the Chemo- 
pharmacological Laboratory of the National Heart Institute. This laboratory 
has made it its task to study the mechanism of action of chlorpromazine and 
reserpine. In spite of some external resemblance in action, these drugs affect 
the organism differently. The action of reserpine consists in freeing serotonin 
from the tissues. The serotonin stimulates the parasympathetic elements of 
the brain. Chlorpromazine, on the other hand, suppresses the influence of nor- 
adrenalin, lessening at the same time the functions of the sympathetic sections 
of the nervous system. This way, under the influence of either drug the balance 
between serotonin and noradrenalin is changed and serotonin is prevalent. 

Both serotonin and noradrenalin are broken up by monoaminoxidase. One 
or the other pharmacologic reaction can be brought about by affecting the func- 
tions of thisenzyme. At present the laboratory is trying to establish the influence 
of Marsilid as inhibitor of monoaminoxidase. Marsilid provokes psychic excite- 
ment, lowers the blood pressure, and dilates the coronary arteries. The attention 
of the laboratory was also drawn to another inhibitor of monoaminoxidase, which 
is 50 times more active than Marsilid. There may, undoubtedly, be found many 


pharmacologically interesting drugs among medicines suppressing monaminoxi- 


dase. 

I should like to mention a number of interesting projects not strictly con- 
nected with the discovery of new medical drugs. 

We were very interested in Dr. Koprowski’s work (Wistar Institute, Phil- 
delphia). He has worked out a method of culturing animal tissue cells in large 
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metal containers and he cultures different viruses on these cells. This work may 
well bring about very important progress in the production of antivirus vaccines. 

We also found Dr. Stare’s work most interesting (Harvard University, 
Boston). By controlling diet he has provoked arteriosclerosis and coronary 
sclerosis in monkeys. Sclerotic symptoms may be prevented by giving the ani- 
mals polyunsaturated fatty acids contained in vegetable oils. Half jokingly, 
half seriously, Dr. Stare expressed an opinion that a few years from now animal 


fats will completely be replaced in pastries by vegetable oils. Dr. Stare knows 


the ‘‘model’’ of arteriosclerosis in rabbits, worked out by Academician N. N. 
Anichkov. Dr. Stare considers Anichkov’s procedure pioneer work, but believes 
his own model on monkeys to be more complete. 

We also have to mention the transplantation of a third kidney into humans. 
This operation is carried out in the Internal Medicine Division of the Medical 
School of Harvard University. The technique of this operation has been well 
perfected. The operation itself, however, has not yet made any practical impact 
since the grafted kidney is functional only if it has been taken from an identical 
twin; in any other case the kidney is absorbed. There is, therefore, much work 
ahead in order to overcome the incompatibility of tissues. Theoretically there 
are ways to solve this problem. 

At the Surgical Clinic of the Medical School of the University of Pennsyl- 
vania, Dr. Ravdin demonstrated surgery to us using color television. Color 
television can be used very successfully for lectures in medical institutions. The 
well-known surgeon, Professor P. A. Kuprianov, uses color television for demon- 
strating complicated operations on the heart. 

Much attention is paid in the U. S. to scientific information; however, we 
find it necessary to mention that the American medical scientists know very 
little of the Soviet medicoscientific literature. This situation is probably due 
to the lack of knowledge of the Russian language. In all probability, this de- 
ficiency will, however, be eliminated in the near future since a complete trans- 
lation of several Soviet scientific journals into English is under way. 

Within the limits of such a short report it is impossible to touch on all the 
interesting problems with which we became acquainted during our stay in the 
United States. Similar reciprocal acquaintance with each other’s scientific 
work is, doubtlessly, extremely useful for scientific progress, and should be ex- 
panded in every possible way. 
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INBORN DISORDERS OF METABOLISM 


NEPOMUK Z6LLNER,* From the Medical Polyclinic of the University of Munich 


MunicH, GERMAN (Received for publication March 25, 1959) 


Inborn errors of metabolism are congenital deviations of the chemistry of 
life from the normal; they exist during all the lifetime and as a rule are genetically 
determined. The clinical manifestations of these deviations may occur at any 
age—but there may also be no clinical manifestations. In most cases there is a 
definite increase or decrease of a normal metabolite in one of the body fluids. In 
a number of diseases, pathologic substances newly appear. 

The basic concepts of inborn errors of metabolism were described more than 
50 vears ago. In 1908 A. E. Garrod in England described his studies of albinism, 
alkaptonuria, cystinuria, and pentosuria; he concluded that these inborn errors 
of metabolism are genetically determined and supposed that they were due to 
the lack of enzymes essential for normal metabolism. At this time Garrod could 
not dare to conclude that there might be a close link between the carriers of 
heredity and the formation of enzymes. Nevertheless, the distinction of pointing 
out the close connection between genes and enzymes remains his. 


DISORDERS OF METABOLISM DUE TO BLOCKS OF NORMAL METABOLIC PATHWAYS 


In most well-studied inborn disorders of metabolism there is a block of a 
normal metabolic pathway. A simple representation of this block is shown in 
Fig. 1. It shows that the metabolism of compound A, leading normally by way 
of the intermediaries B, C, D, E to compound F, is blocked between D and E; 
the conversion of D to E cannot occur or occurs only to a minimal degree. If 


FE and F are substances which are indispensable for the normal functions of the 


body, their lack is soon noticed by corresponding deficiency symptoms. If there 
are no other ways for the body to handle D, the substance accumulates within 


the body or is excreted in increased amounts. 

A simple example of the lack of E and F is albinism, where the synthesis of 
melanin is probably interrupted. An example of the accumulation of D is al- 
kaptonuria, where a block in the oxidation of tyrosine at the level of homogentisic 


acid leads to the increased excretion of this substance in the urine. 


*Privatdozent (Assistant Professor) in Internal Medicine. 


6 


bail INBORN DISORDERS OF METABOLISM 

A block of reaction DE will obviously not lead to the accumulation of D 
if there are alternative pathways for that substance. If, in such a case, FE and 
F are metabolites of no importance or if symptoms due to a deficiency of E and 
F cannot yet be recognized as such, the metabolic nature of the disorder may be 
overlooked. Another possibility of overlooking a block is present when FE and 
F may be produced by alternative pathways. Fig. 2 shows these two possibilities 
of compensation for the consequences of a metabolic block. 

An illuminating example of the prevention of deficiency through alternative 
metabolic pathways is the disease galactosemia. In this disease we also see that 
the damming up of precursors may reach further upstream than D. Fig. 3 shows 
the intracellular accumulation of galactose-1-phosphate (D), the extracellular 
accumulation and urinary excretion of galactose (C), but also the unimpaired 
formation of uridinediphosphategalactose (/), necessary for the synthesis of galac- 
tose-containing normal body constituents (cerebrosides, mucoplysaccharides). 
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Fig. 2.—Ways of compensating for metabolic blocks. 
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Fig. 3.—Metabolic pathways in galactosemia. 


How does the block of a normal metabolic reaction occur? The simplest 
explanation is the lack (or substantial decrease) of the enzyme catalyzing DE. 
Indeed, in all cases in which the exact biochemical nature of the block has been 
determined, a lack of enzyme DE has been found. In hypophosphatasia at 
first the diminution of an enzyme was observed and only later the increase of 
ethanolamine (probably D in this disease) was found. However, the examples 
where the lack of an enzyme has been proved are not too numerous and there are 
other possible ways of blocking metabolism, for example, by formation of in- 
hibitors, by abnormal properties of membranes, or other structural elements, or 
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other proteins without enzymatic function, such as transport proteins. What- 
ever the cause of the block may be, it is essential for this type of metabolic dis- 


orders that the primary deviation from normal be quantitative only. 


METABOLIC MALFORMATIONS (FREAKS) 


Inborn errors of metabolism producing substances which are normally not 
formed and which probably cannot be formed by the normal body, should be 
called metabolic malformations or freaks. In the past many substances which 
could not be placed in the normal metabolic pathways were considered such 
freaks; but it has since been found that practically all of them are normal metabo- 
lites occurring in the normal in minute quantities only. The latest illustration 


of this experience is the demonstration that porphobilinogen as well as uro- and 


coproporphyrin are intermediaries of normal porphyrin metabolism. 

There is, however, a group of hereditary disorders in which substances occur 
which cannot be demonstrated with our most sensitive methods in the normal. 
These substances are the pathologic hemoglobins S, C, D, E, and so forth, re- 
sponsible for various hemolytic anemias. We deal here with true freaks in the 
realm of metabolism, chemical malformations causing a disease. Here Pauling’s 
term molecular disease should be mentioned. It means that a single alteration 
within a certain molecule may be the cause of a disease. 

It appears quite probable that besides the malformations of hemoglobin 
there occur malformations of other proteins. One may suppose that the weak- 
nesses of certain supporting tissues, for example, in osteopsathyrosis—fragilitas 
ossium, thin sclerae, vascular lesions, or in Marfan’s syndrome—arachnodactyly, 


kyphoscoliosis, aneurysm, are examples. 


COMMENTS CONCERNING THE PATHOGENESIS OF METABOLIC BLOCKS AND 


METABOLIC MALFORMATIONS 


The most important reason for a genetically determined metabolic block is 
the lack or at least the diminution of an enzyme, that 1s, of a protein with cata- 
lytic properties of rather high specificity; the essence of a metabolic freak is 
the biosynthesis of an anomalous protein. In both cases protein synthesis is 
concerned, the connection of which with the carriers of heredity must now be 
mentioned. 

Let us first consider protein synthesis alone. For a theoretically quite simple 
polypeptide consisting of one molecule each of 20 amino acids there are already 
2.4 X 10° different possibilities of arrangement; obviously for larger proteins the 
number of possibilities is much larger. Considering this and at the same time 
reflecting on the specific structural requirements of each function, one arrives 
at the conclusion that biosynthesis of proteins must follow a pattern; considering 
further the heredity of metabolic blocks and protein malformations, one would 
further conclude that this pattern is set by the carriers of genetic information. 

The substance carrying genetic information is desoxyribonucleic acid (DNA), 
of which each normal diploid cell within a species contains the same amount. 
During mitosis, each telophase obtains exactly half of the DNA of the prophase; 
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in the newly formed cell there is a rapid synthesis of DNA and the original con- 
tent of the cell is restored. The haploid germ cells contain half of the amount of 
DNA of the normal diploid tissue cells, and polyploid cells contain corresponding 
amounts. Thus the cellular DNA follows closely our expectations on the be- 
havior of the ‘‘genetic substance.”’ 

This is very interesting but it might be merely a numerical coincidence. 
However, bacteriology offers definite proof that DNA transmits genetically 
determined properties. From certain strains of pneumococci there may be ex- 
tracted and purified DNA which, if added to other strains, conveys to these 
strains properties of the strain from which the DNA has been prepared. 

This phenomenon, discovered by Griffith, is called transformation. Proper- 
ties acquired by transformation remain hereditary. Of modern interest is the 
transformation of antibiotic-sensitive organisms into resistant strains by DNA 
from resistant strains. DNA from transformed strains rendered resistant may also 
be used to transform further sensitive strains into resistant ones, and so on. And, 
to return to the question of enzyme synthesis: in certain cases there has been the 
formation of an enzyme in transformed cells which before transformation had not 
been able to produce the same enzyme. This then is a proof that there is a very 
close connection between the genetically determined set of enzymes and DNA. 

Less safe but very reasonable is the conclusion that protein synthesis is 
intimately linked to ribonucleic acid (RNA) in such a way that the sequence of 
amino acids is determined by the sequence of nucleotides in the RNA molecules. 
From experiments with RNA fragments from staphylococci, Gale and Folkes 
have concluded that, for example, adenosine-cytosine-dinucleotide enhances 
the incorporation of aspartic acid into proteins. Other evidence, though mostly 
circumstantial, points in the same direction and it appears permissible to assume 
that long sequences of nucleotides, i.e., intact RNA molecules, determine the 


sequence of amino acids in proteins, which means that they serve as a sort of a 
mold, a matrix, for protein synthesis. ‘‘Faulty’’ construction of RNA would 
lead to ‘‘faulty”’ protein, recognizable either by a change or loss of function (for 
example, in the case of enzymes) or by physicochemical properties deviating 
from normal (for example, the different electrophoretic mobility of hemoglobin S). 


We have seen that protein synthesis (which proceeds in the cytoplasm) is 
intimately linked to RNA (which also occurs predominantly in the cytoplasm). 
However, the archetype of genetically determined molecules resides in the DNA 
molecule (which is completely intranuclear). With the 23 chromosomes of man 
5,000 genes contain in their DNA the basic material equivalents of human indi- 
viduality, and RNA is the matrix used for daily syntheses. How is the infor- 
mation on syntheses contained in DNA conveyed to RNA? The most plausible 
hypothesis is the following, based partly on a model of Lockingen and DeBusk. 
Within the nucleus at the DNA helix a RNA molecule is formed which could be 
considered as a negative print of the DNA. This is quite possib!e, because for 
steric reasons guanine and cytosine easily form hydrogen bonds, that is, fit es- 
pecially well into each other; the same is true for adenine and thymine (or uracil). 
By this hydrogen bonding there might be an arrangement of free ribonucleotides 
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opposite to the corresponding base of the DNA; the synthesis of phosphate- 
diesters between the nucleotides would produce a well-defined RNA. The RNA 
molecule being finished, it would be detached from the DNA, expelled from the 
nucleus into the cytoplasm in order to become there, in turn, the matrix for pro- 
tein synthesis. It may well be that, during the detachment of RNA from the 
newly synthesized protein, RNA is hydrolyzed by ribonuclease. The fragments 
thus produced are presumably used for further RNA synthesis. This hypothesis 
is fitted well by the fact that, although as a rule the content of a tissue of RNA 
and ribonuclease parallels its protein-synthesizing activity, in the reticulocyte 
(a cell without a nucleus), however, the RNA content decreases during hemo- 
globin synthesis. 

Now the following questions must be asked: How should we explain the 


pathogenesis of inborn metabolic errors? What happens if there is a defect in 


the gene originally responsible for the synthesis of a certain protein? Many 
authorities are of the opinion that whenever a gene is defective an enzyme is not 
formed (the enzyme corresponding to the gene) and that all further pathologic 
consequences are the result of this lack of an enzyme. The implication of this 
opinion is that only enzymes are formed on the genetically determined RNA 
matrices. If this were true it would follow that other proteins with high struc- 
tural requirements but without enzymatic activity, such as globin, must be 
synthesized by highly specific synthases. Such a conclusion would imply a 
double mechanism for the transmission of structural specificity of proteins. This 
is very improbable—it is on the other hand rather likely that all proteins are 
molded over RNA matrices and that in pathologic cases it depends on the kind of 
defect of the gene concerned whether a pathologic protein is formed, such as the 
pathologic hemoglobins, or whether the synthesis of the protein does not take place 
at all; an example for the latter possibility may be Bennhold’s analbuminemia. 

At this time it cannot be decided whether in metabolic block syndromes 
enzyme synthesis does not occur at all or whether by a structural alteration 
instead of the enzyme a protein without enzymatic activity is formed; such a 
protein—also a malformation—would, like the enzyme, be present in minimal 
amounts only. However, while it is possible to prove the presence of an enzyme 
because of its activity (and eventually to isolate it), this cannot vet be done with 
minimal amounts of inert proteins. Obviously there is the third alternative that 
the genetically determined defect of the protein is away from the enzymatically 
active center or concerns only an unimportant side chain. In these cases a pro- 
tein would be formed which is enzymatically active though possibly less so than 
the normal one. This would be a parallel to experimental biochemistry, where 
partial degradation or acetylation of some enzymes also leads to products still 
exhibiting some enzymatic activity. In many homozygous carriers of a meta- 
bolic block the substance ‘‘behind the block’’ (in Fig. 1) is still formed in minor 
amounts and “alternative pathways”’ are usually invoked to explain this. An- 
other explanation, basically more reasonable, is that the block is incomplete 
because of a protein of very low but demonstrable enzymatic activity. Indeed, 
in some diseases, for example, galactosemia, a residual activity of the enzyme 
implied has been found, and immunologic studies may be able to answer the 
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question whether this activity is due to a protein closely resembling the original 


protein. Fig. 4 once again summarizes the relations between gene defect, enzyme 
synthesis, and metabolic block. 
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Fig. 4.—On the defective gene DE (illustrated by the interrupted circle) either no matrix (paren- 
theses) or a defective matrix DE (interrupted circle) is formed. Thus there results either no enzyme 
synthesis or the synthesis of a protein DE with little or no enzyme activity. 
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Fig. 5.—Two examples of faulty protein synthesis. 


A UNIFIED CONCEPT OF INBORN DISORDERS OF METABOLISM 


If one accepts the conclusions of the foregoing, it is easy to develop a unified 
concept of inborn disorders of metabolism. The defect of a gene is responsible 
for the formation of a defective protein (or lack of this synthesis). Depending 
on the type of this protein and its normal function, various consequences ensue, 
for example, enzymatic blocks manifesting themselves as metabolic diseases, 
pathologic hemoglobins producing hemolytic anemias, malformations of the 
proteins of supporting tissue as in the classic genetic malformations. Fig. 5 
shows two of these possibilities. The deviations from normal which really cause 
the disease are put in boxes—you recognize that the only difference is in the 
length of the pathogenetic chain. 
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Thus far we have dealt with the basic concept. It should be said that it 
may be an unjustified generalization, based on too little experience in detail. 
Therefore I am now going to discuss recent experiences in some diseases which 
may be able to shed further light or doubt on the issue. 

Cystinuria.—Garrod had already commented on the fact that in cystinuria 
the excretion of cystine does not increase after cystine administration and later ob- 
servers have found normal blood levels of cystine in that disease. The degradation 
of cystine apparently is undisturbed in cystinuria—the increase in urinary excre- 
tion of this amino acid cannot be due to the overflow of a dammed up substance. 

The explanation of the pathogenesis of this disorder was given by Dent who 
found that in cystinuria the reabsorption of cystine from the glomerular filtrate 
is impaired (Fig. 6); it is the lack of a renal transport mechanism—whatever its 
nature, enzymatic or otherwise—which produces the increase of urinary cystine 
excretion. Besides cystine large amounts of lysine, arginine, and ornithine are 
also excreted and it will be remembered that all of these are diamino acids. It 
looks as if the transport mechanism is not very specific, its disturbance resulting 
in not too specific disturbances. The heredity of cystinuria points toward a close 
connection between gene structure and transport mechanism. Whether similar 
defects are important in other diseases in the human being will be found out. 
In renal glucosuria there appears to be inhibition of tubular reabsorption. An- 
other analogous situation is given by the uric acid excretion of the Dalmatian dog. 
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Fig. 6.—Cystinuria type of defect. 


Gout.—All metabolic anomalies described so far are produced by the lack 
of an important protein—if this protein is an enzyme or concerned with a normal 
metabolic transport system, a normal metabolic path is interrupted. This means 
that inborn metabolic errors are as a rule ‘‘variants toward minus’’; a normal 
property of metabolism (or the body) is missing. The idea that by mutation 
there might be opened a new metabolic path has up to now been discussed only 
by a few to sustain special theories in special diseases. It is highly improbable 
that such a new metabolic pathway will be opened in the higher animal because 
in such a case the formation of an abnormal gene should lead to the formation 
of a new enzyme or an enzyme of more than normal activity, which so far has 
not been observed. (In bacterial genetics the formation of ‘‘overactive’’ enzymes 
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is said to occur. The number of mutations occurring and observable per unit of 
time in bacteria is, because of the very short life span of one generation, so much 
larger than in higher animals that we deal with an entirely different situation). 

Gout is the result of an increase of uric acid in the body of the gouty indi- 
vidual. This difference of the gouty patient and his relatives from the normal 
population cannot be the consequence of a metabolic block of a pathway in 
purine metabolism open to otherwise normal human individuals because in the 
human uric acid is an end product with no further degradation. On the other 
hand, an inhibition of tubular reabsorption (refer to the section on cystinuria) 
would rather increase urinary excretion and lower blood levels while persons 
afflicted with gout have high blood levels. Therefore some workers, notably 
Stetten, have thought that gout is produced by an increase of uric acid synthesis, 
a kind of phylogenetic relapse into the nitrogen metabolism of birds or reptiles. 

This conclusion, if true, would be of rather high general biologic importance. 
The problem behind it may be stated thus: all inborn errors of the metabolism 
of man as far as they manifest themselves as metabolic blocks are variations to- 
ward minus. On the other hand, some theories which consider gout as the conse- 
quence of a disorder of purine metabolism have openly or tacitly involved the 
assumption that the primary defect is the increased synthesis of uric acid or one 
of its direct precursors. If this were so, gout would be a variant toward plus. 
The evidence set forth so far, however, does not permit a conclusion of such im- 
portance and one should rather look for other explanations more in keeping with 
general considerations. 

If one looks for a metabolic block explaining gout one should first consider 
that man could not be afflicted by this disease if in the past one of our ancestors 
had not lost the enzyme uricase for oxidizing the poorly soluble uric acid to highly 
soluble allantoin. (This is one of the many instances proving man to be a de- 
ficiency mutant.) The high plasma uric acid level occurring in gout (the mani- 
festation of familial hyperuricemia) may then be regarded as the consequence 
of a block in amino acid metabolism so that purine metabolism must take 
up the overflow. This corresponds to the upper line in Fig. 2 where G would be 
the metabolic chain of purine synthesis, H its end product uric acid. 

Whether such a theory will have any merit cannot justifiably be stated at 
the moment. It should be remembered that Thannhauser still maintains that 
a defect in uric acid excretion is the basic pathogenetic mechanism. His hypo- 
thesis is quite hard to understand on the basis of the filtration-reabsorption 
theory of urinary uric acid excretion because within this theory again the as- 
sumption of a variation toward plus, i.e., increased reabsorption, is necessary. 
However, recent studies have indicated that tubular secretion may play a more 
important part than so far suspected and thus the whole problem, too long studied 
by the inadequate clearance technique, should be reconsidered. 

The case of gout shows some of the difficulties in comprehending the accumu- 
lation of substances which are either end products such as uric acid or which 
could normally be metabolized by several paths such as cystine, accumulating 
in cystinosis. Nevertheless, experiments directed toward their pathogenesis 
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should first try to find out whether there may be the loss of some bodily faculty 
enzyme, transport mechanism, or other—and pathogenetic theories should so 
far picture gout a variant toward minus, wherever minus may be. On the other 
hand, diseases which do not fit our current concepts will in all probability give 
the greatest stimulus to clarification of this theory—experimental as well as 
mental. 

An Important Lesson From Porphyria.—Gout, it has been said, could occur 
in mankind only because one of our early ancestors lost the ability to oxidize 
uric acid; since then man and other primates have had rather high plasma levels 
of urate. Pathogenic mutations do not always lie so far back in prehistoric 
times. Waldenstrém has recently stated that a very large part (150 cases) of 
all 230 cases of acute porphyria in Sweden could be traced back to one ancestor 
living in historic times (born in 1672) and obviously the conclusion is tempting 
that the mutation occurred in him. Such historically late mutations would 
readily explain why some metabolic diseases are found in one race, group, or 
country only (for example, acatalasemia in the Japanese) and they might also 


explain why the ‘‘same’’ hereditary disorder of metabolism has somewhat dif- 


ferent clinical pictures in different countries (though in the latter case environ- 
mental factors are difficult to exclude). 

Lipidoses.—Lipidoses are diseases in which plasma or tissues contain in- 
creased amounts of lipids. In two of them, idiopathic familial hypercholestero- 
lemia and idiopathic familial hyperlipemia, we find the most interesting phe- 
nomenon of an increase not only of one but of several lipids, biochemically un- 
related. The mutation of a gene may change only one enzyme and involve one 
substance (and its direct precursors). How then is the simultaneous increase 
of different lipids explained? 

In idiopathic familial hypercholesterolemia there is not only hypercholestero- 
lemia but also an increase of plasma phospholipids and generally also of carotenes. 
It usually is supposed that a disturbance of cholesterol metabolism is responsible 
for the disease; however, it appears quite as reasonable to assume that hyper- 
phospholipidemia is the basic defect. 

To explain the increase of both lipids it has been customary to talk of general 
disturbances of lipid metabolism. This idea is untenable since it has been shown 
that the cellular metabolism of various groups of lipids is independent one of the 
other. Old as well as recent experiments by Macheboeuf, Tayeau, Kunkel, 
ourselves, and many others, however, have made it very probable that the phe- 
nomenon that lipids dissolve each other is responsible for their transport in blood 
and some of their behavior in tissues. For this reason of intersolubility of lipids 
it may not be expected at all that the isolated increase of any one lipid in plasma 
does occur and indeed no such instance is known. The lipoproteins—lipid-protein 


aggregates (not molecules!)—-which transport the lipids of the blood all consist 


s 


of protein, phospholipids, and cholesterol and its esters; the smallest transport 
unit realizes the principle of simultaneousness of phospholipid and cholesterol. 
The increase of any one lipid in the blood leads to the increase of others. This 


explains why we do not find a disease, hereditary or otherwise, with an increase 
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of only one lipid; however, the question whether in familial hypercholesterolemia 
the hereditary defect concerns the metabolism of cholesterol or phospholipids 
still remains unanswered. 

Storage Diseases.—Storage diseases, or thesauroses, are diseases in which 
the accumulation of certain mostly macromolecular or water-insoluble substances 
occurs together with typical histologic changes. Most storage diseases are endo- 
genous, that is, the substance stored is synthesized within the body, probably 
within the storing cell. Thus Cori and Cori have shown in a certain type of 
glycogen storage disease that there is a decrease in glucose-6-phosphatase. This 
metabolic block displaces the equilibrium of carbohydrate metabolism toward 
glycogen synthesis (Fig. 7); in other types there seems to be a block of glycogen 


degradation. 
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Fig. 7.— Metabolic defect in glycogen storage disease. 


The thesauroses make it particularly attractive to speculate upon the close 
interrelation between form and function, morphe and motion in human pathology. 
The anatomic derangement of the liver cell is the reaction to too much glycogen, 
but this anatomic derangement is the consequence of a metabolic disorder pro- 
ducing storage. If we trace the events one step further back we must consider 
the functional disturbance as the result of the lack of an enzyme which means 
a defect which may be considered morphologic in the order of magnitude of macro- 
molecules. The enzyme is lacking because it may not be formed and its synthesis 
does not take place because the matrix is defective. Whether this defect, which 


probably concerns only one place in a macromolecule, is described as morpho- 


logic, chemical, or even functional is mainly a question of the writer’s education. 

Galactosemia.—Galactosemia, recently well studied, is a disease occurring 
when susceptible individuals take up galactose. In infants the high galactose 
uptake may lead to a syndrome of hepatomegaly, splenomegaly, ascites, cataract, 
galactosemia, and aminoaciduria. Exclusion of galactose from the diet produces 
remissions. Galactosemia is rather rare. However, it teaches some important 
general lessons. 

Fig. 3 showed that in galactosemia there is a disturbance of the normal 
“inflow’’ of galactose into the general carbohydrate metabolism because of a 
block at the level of phosphogalactose-uridyl-transferase. This was elucidated 
by Kalckar, studying erythrocytes. But why was the erythrocyte studied, 
when there appears to be mainly an involvement of the liver? 

Kalckar argues that galactosemia is a genetic disorder, a disorder determined 
by a pathologic gene and that therefore the disease must concern all cells, 
including the erythrocyte. His success proved him to be right and he could 
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demonstrate the enzymatic defect able to explain the disease. But at the same 
time he had proved that his assumption was correct and we should therefore 
from now on consider that as a rule gene-determined effects may manifest them- 
selves in all cells of the body: inborn disorders of metabolism are omnicellular. 
This does not mean that there must be a manifestation in all cells. Morpho- 
logic consequences may not be produced whenever the structure of the cell 
considered is not influenced by the reaction or its block, and it may be, further, 
that some cells lose certain enzymes during differentiation and in this case too 
there could be no manifestation in that cell. 

It is interesting to learn that Kalckar could by theoretical considerations 
predict the place of the enzymatic defect. In galactosemia, tissues the normal 
metabolism of which is dependent on galactose are not injured, e.g., nervous 
tissue which needs galactose for the formation of cerebrosides. Thus, Kalckar 
argued, the metabolic block could be situated only in a place where on the one 
hand the utilization of exogenous galactose is inhibited, and on the other hand 
galactose can be freely formed endogenously. For that biochemistry permitted 
only one possibility—the place where the defect later indeed was found. 

It was just elaborated that the consequences of galactosemia are not due 
to a lack of galactose utilizable for synthetic purposes; thus one is forced to con- 
clude that a compound accumulated before the block is toxic. This substance 
may be galactose-1-phosphate which could be shown to be present within cells 
in large amounts. There is no possibility of removing the toxic substance; how- 
ever, its precursor free galactose may be kept away from the body by excluding 
lactose (milk, dairy products, lactose-containing tablets) from the diet. This 
shows one of the therapeutic principles in inborn disorders of metabolism: if 
the noxious substance is accumulated ‘“‘before’’ the block, its precursors must 
not be introduced into the body. 

The most important lesson from galactosemia and probably one of the most 
important lessons from all inborn disorders of metabolism is this: if galactose 
is omitted from the diet of children with the enzymatic defect of galactosemia, 
these children develop entirely normally, though they would develop the typical 
findings in blood and urine and later in liver and lens if they were given galac- 
tose. In an environment entirely free of galactose, they would never have the 
disease, but a diet rich in galactose would kill them. Galactose, an environ- 
mental factor, induces the disease and if we knew less of the disorder we might 
consider it galactose poisoning, an entirely exogenous disease, though in reality 
it is an endogenous disease par excellence. The environmental galactose is the 
factor inducing a disease which is genetically predetermined. 

In the case of galactose all this is obvious. However, one feels compelled 
to ask (oneself and especially the psychiatrists) whether in many other diseases, 
where the ‘‘causative role’ of environmental factors is ‘‘proved,”’ the situation 
is not similar. Galactosemia demonstrates that a disease may be genetically 
determined as well as induced by the environment. 

Reaction to Drugs and Infections.—The just-mentioned considerations on 
galactosemia hold true for findings in genetically determined idiosyncrasies 
against drugs, such as against quininelike substances leading to hemolytic dis- 
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orders, against succinyl choline leading to prolonged and dangerous paralysis 
instead of simple muscle relaxation. The idiosyncrasy of mongoloids to atropine 
may also belong in this group. 

In these cases we again deal with a genetically determined defect, which 
would remain without consequences if the corresponding drug were not adminis- 
tered. It is most probable that there are many cases in which there is a similar 
situation, however unsuspected. But the question now put reaches further; 
how often is the lack of resistance, maybe the degree of resistance, against exo- 
genous noxae such as certain infections determined genetically? Do we approach 
an explanation, intelligible in terms of substances, of the notion of ‘individual 
resistance’? Maybe we approach here a scientifically tangible explanation why 
two persons differ not only in personality but also in the prognosis of their health, 
why with undisturbed aging the one develops this, the other that disease, and 
why with the same exposure the one gets sick and eventually dies while the other 
remains healthy and survives? 

Dent writes: ‘‘A hundred years ago environmental problems, such as those 
of crude nutrition and of epidemics of overwhelmingly infective diseases, were 
so important in themselves as to dominate almost entirely man’s thinking for 
improvement of his health and standard of living. These problems had, natu- 
rally enough, led to the development of various materialistic social reforms and 
revolutions. The situation now seems entirely different, for these adverse en- 
vironmental conditions have been largely overcome in civilized countries. Now- 
adays the reasons why some people are healthier than others are much more 
likely to be because they are different people with a different genetic make-up 
than because of their only slightly different and generally satisfactory environ- 
ment.’’ And Dent immediately draws political consequences: ‘‘Seen in this 
light some of the mainly beneficial social movements of the past, having long 
fulfilled their purpose, now appear to be old fashioned, and their occasional 
antagonism to modern genetics, while easy tounderstand, seems rather pathetic.” 


CONCERNING THE RELATION BETWEEN METABOLIC ERROR (MOLECULAR MALFOR- 
MATION), GENERALIZED DISTURBANCE OF ONE TYPE OF TISSUE (TISSUE MALFORMA- 
TION), AND MALFORMATION OF ORGANS 


Since we must now suppose that the information contained in the gene is 
translated into the formation of cellular structures by biochemical reactions we 
can now consider all genetic diseases and malformations as ‘‘metabolic diseases.”’ 
Biochemical and functional viewpoints are now in the center of the stage and 
this will be some gain for prophylaxis and therapy. 

In a number of diseases which earlier were considered to be purely morpho- 


logic defects, we may today make good guesses as to the nature of the basic meta- 
bolic error. In Hurler-Pfaundler’s disease Brante has found an increase of muco- 
polysaccharides, in Marfan’s syndrome Sjoerdsma and co-workers have reported 
an increased excretion of hydroxyproline, suggesting a disturbance in the me- 
tabolism of this amino acid, which is present nearly exclusively in collagen. 
Achondroplasia may also be explainable on the basis of a simple metabolic 
defect. On the other hand there are hereditary disorders where there is not the 
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slightest notion as to chemical reactions able to produce them, for example, 
exostosis multiplex, tuberosclerosis, retinoblastoma, congenital luxation of the 
hip and Pelger’s anomaly of the leukocyte. 

As far as complicated structures are concerned there appears the question 
how, from the more or less disorderly side-by-side chemical reactions, a well- 
organized form may be derived. Is it true that the given set of enzymes of a 
cell mechanically produces its form by the way of metabolic equilibria? Do 
substances produced by the metabolism attach themselves to a basic cellular 
skeleton, and if so how is this skeleton produced? Is the form of cells and organs 
transmitted in the same way as the set of enzymes, by chromosomes or cyto- 
plasm, and how then does the differentiation of tissues occur? We do not know 
of an answer to these questions, but they demonstrate the gap between biochemis- 
try and morphogenesis. 

Phenocopies—Pleiotropism.—Certain diseases which are genetically de- 
termined in man may be reproduced in certain animals by experiment; it is 
possible to produce phenocopies of hereditary diseases. 

In the rabbit the feeding of cholesterol produces hypercholesterolemia (and 


hyperphospholipidemia) very similar to the familial form in man. In other ani- 


mals the poisoning with lathyrus odoratus produces a syndrome of kyphoscoliosis, 
hernia, and dissecting aneurysm, simulating Marfan’s syndrome in man. These 
two examples are extremely important because, besides their usefulness in the 
study of normal metabolism and pathogenesis of genetically determined dis- 
eases, they demonstrate further basic principles. 

Diseases like Marfan’s syndrome or Hurler-Pfaundler’s disease often pro- 
duce doubt as to whether the numerous findings can be brought to a common 
denominator. To many it is not comprehensible that a ubiquitous reason pro- 
duces consequences manifesting in several but not all organs and tissues. Since 
the poisoning with lathyrus proves that a single toxin may produce consequences 
similar to the consequences of a genetic defect, it appears reasonable to conclude 
that in the disease in the human too a single cause may be operative. Earlier it 
was thought that one had to suppose a pleiotropism of genes whenever diverse 
manifestations of a mutation could not be brought to a common denominator, 
that is, that one gene might primarily have different effects. The examples 
quoted show that such an assumption is not necessary. 

This leads to another consequence. In galactosemia we know the basic 
enzymatic defect and we may suppose with great probability that all pathologic 
consequences result from the enzymatic defect. In many hereditary disorders 
we do not yet know the nature of the basic defect. Nevertheless today it has 
become very probable that in all hereditary diseases in the final analysis a single 
defect, a single metabolic error, or a single disturbance of the cellular formation 
is responsible for all consequences. Whenever the diversity of the clinical mani- 
festations does not permit a conclusion as to this basic defect, we must therefore 
assume that our studies are concerned with secondary phenomena. The mental 
experiment of bringing all known facts of a disease to a common denominator 
makes in many cases the borders of reliable knowledge more distinctly recog- 
nizable and. does permit a clearer view of the starting points of further research. 
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CLINICAL MEDICINE AND PRACTICE IN INBORN METABOLIC DISORDERS 


Siegfried J. Thannhauser wrote as a motto before the new edition of his 
book on the lipidoses: ‘‘Rare metabolic diseases provide a peephole into the 
This principle, namely, of looking at the rarer diseases as 


’ 


workings of nature.’ 
models of the more general ailments of mankind, is in itself justification enough 
to recommend sone consideration of the inborn disorders of metabolism also to 
the practicing physician. However, recognition and therapy of some cases which 
today every one will occasionally see in his practice are only one side of the prac- 
titioner’s interest. The constant improvement of the environment makes for 
an increased survival and reproduction of people with metabolic disorders and 
thus the number of cases seen in consultation will increase; the improved chance 
of the diabetic woman of having a child is one of the modern examples. 

The therapy of inborn metabolic errors rests more than in any other disease 
on an intimate knowledge of the pathogenesis. If the disease is intoxication or 
poisoning with an accumulated metabolite ‘‘before the block,’’ food or drugs 
containing it or its precursors should be withheld. The good prognosis of children 
with galactosemia who are fed without any galactose provides an illustrative 
case. If the disease is the consequence of the lack of a substance not formed 
because of the block, the substance must be administered. Here the therapy of 
the nonendemic familial cretinism with goiter is an illustration. 

In other diseases it seems to be possible to eliminate the toxic product. 
Thus the administration of BAL or penicillamine leads to clinical improvement 
in patients with Wilson’s disease. Further progress may result from studies 
concerning the question of how the grade of severity of genetic diseases is in- 
fluenced. In phenylketonuria there is occasionally a child who develops nearly 
normally despite the renal excretion of large amounts of phenylpyruvic acid. 
If we could recognize why this child does not develop the mental defect, we might 
be able to find a way to prevent also in other cases the consequences of the dis- 
ordered metabolism. The same problem holds of course also in metabolic disease 
in which the mechanism is less well known. In diabetes, for example, the reasons 
for the development of the vascular complications are far from understood. 

Prophylaxis of inborn metabolic errors is also possible only through knowl- 
edge of pathogenetic mechanisms. In a number of diseases clinical manifestation 
occurs only if the patient is homozygous with respect to the pathogenic property. 
In descendants of families in which inborn metabolic disorders have occurred 
it is important to learn whether they are free of the dangerous trait or possess 
it unrecognized as heterozygous carriers, because in the latter case they may 
reproduce the manifest disease in their descendants by combination with another 
heterozygote. 

In some diseases it is simple to find out whether a person is a heterozygote. 


Thus, people carrying one gene for sickle-cell anemia, the so-called sickle-cell 


trait, show on electrophoresis of their hemoglobin that about half of it consists 
of the pathologic hemoglobin S, half of it of normal adult hemoglobin. This 
demonstrates how in the heterozygote on each matrix an abnormal and a normal 


protein, in this case globin, is formed. 
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The excretion of phenylpyruvic acid in Félling’s disease is another example 
of how to study the heterozygous carrier state. While the (homozygous) patient 
shows, besides the severe mental disability, the characteristic metabolic defect, 
both the heterozygous parents are clinically healthy and, as a rule, do not excrete 
phenylpyruvic acid. It follows that the presence of one normal gene is enough 
to prevent the disease, to maintain the normal metabolism or, chemically speak- 
ing, that under normal circumstances the normal metabolism of phenylalanine 
can be maintained by the body even if the enzyme necessary for its oxidation can 
be formed on one matrix only. If the metabolism of the amino acid is tested by 
the administration of a large amount of phenylalanine, however, the hetero- 
zygote may show phenylketonuria. Under these conditions the one normal 
gene of the heterozygote is insufficient: this is the basis of the load tests. 

The experience that, under a special load, the metabolism of a heterozygote 
may prove inadequate, leads to consideration of whether hereditary diseases, 
called dominant and manifesting themselves late in life, may not also be explained 
by the assumption that half the number of useful matrices does not suffice for 
a long life or in times of special need. 

Clinical research will find in these just-enunciated basic principles a useful 
basis. Two facts should prove themselves to be most important, i.e., the omnicel- 
lular nature of a genetic defect and the precipitation of the disease by environ- 
mental factors. Hereditary disorders of organs or tissues are the consequence 
of a general disorder of the body, the most complicated syndrome—for example, 
cystic kidney disease and intracranial aneurysm—must have a common de- 
nominator, and even in the most localized disease it should be worth while to 
study ‘‘normal”’ tissues. Environmental influences will be studied best in dis- 
eases offering colorful clinical pictures; diabetes, its course in its dependence on 
diet, the production of vascular lesions which probably depends not alone on 
the balance of glucose metabolism, is an example. All the studies on the environ- 


mental factors will perhaps soon be possible in the animal, since even in higher 


animals genetically determined metabolic defects are more and more often found 
and described. These defects may resemble disease in the human; for example, 
in the dog we know of a kind of hemophilia and of cystinuria, in the goat we have 
myotonia congenita, and in cattle porphyria. 


THE POSITION OF INBORN ERRORS OF METABOLISM IN GENERAL BIOLOGY 


Finally we shall try to fit the experiences with inborn metabolic errors into 
the general framework of science. It is significant that at the same time at which 
the genetic mechanism for many metabolic diseases was recognized, that is, at 
the same time when Garrod enunciated his basic concepts, the first application 
of the defect to general biologic problems was made. Otto Neubauer (who died 
only recently) realized that patients with a metabolic block in one certain place 
offer a singular possibility of studying the normal metabolism since the adminis- 
tration of all precursors of the substance the degradation of which is blocked 
should lead to the accumulation of this substance. Neubauer’s classical studies 
on alcaptonuria by which he elucidated essential parts of tyrosine metabolism 
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are even today part of every better textbook; further information concerning 
tyrosine metabolism came from the discoveries of tyrosinosis and phenylketonuria 
(Félling’s disease). Neubauer’s principle gained much momentum when it 
became possible to produce genetically determined metabolic disorders in lower 
organisms. (Here, however, it is very often not the accumulation of a substance 
but rather the lack of a substance not formed through the defect; the growth 
has become dependent on the exogenous administration of a substance normally 
formed endogenously.) Such studies, especially by Tatum, Beadle, and Haldane 
using Neurospora, Escherichia, and Torulopsis, have served to elucidate amino 
acid metabolism. Even the introduction of tracers has only enlarged the possi- 


bilities of mutant techniques. 


Fig. 8.—Dr. Otto Neubauer (1874-1957). 


If we consider the advances of the last 10 years we must conclude that in 
the study of genetic diseases the contribution of biochemists and biochemically 
inclined geneticists has far outweighed classical pathology. Here a new field, 


genetic pathology, is created, the most important pillars of which will be bio- 


chemistry, classical genetics of plants and lower animals, and clinical experience 
in hereditary diseases. Contributions will come from ultramicrohistology, 
opened up by the ultramicroscope, histochemistry, immunology, experimental 
pathology of the embryo, and a comparative genetic pathology of vertebrates. 
It is conceivable, Dent said recently, that the genetic theory will one day do for 
medicine what the atom theory has done for chemistry. If then our methods were 
able to analyze the chromosome in the same way as the chemist analyzes the mole- 
cule, we could draw the basic plan of every man, the chemical equivalent of his 
individuality with all its significance for judging his situation and its prognosis. 
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Postscript.—The American reader may be somewhat startled by the loose way in which 
authorities are quoted. After the exacting job of editing a 1,000-page textbook on metabolism and 
metabolic disorders, this writer however felt entitled to pronounce some thoughts in a rather 
Obviously practically all the work and most of the conclusions described in this 
paper have been described by others. The books and symposia I find most stimulating (a very 
personal selection) are mentioned below; I am especially indebted, however, to discussions by 
G. W. Beadle, A. G. DeBusk, C. E. Dent, E. Hadorn, H. M. Kalckar, V. A. McKusick, and J. 
Waldenstrém. As far as I could ascertain some of my thoughts have not been previously ex- 


general way. 


pressed by others. They are based on my own work, published in Europe. 
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M UCH of our knowledge concerning etiologic factors in chronic diseases has 

been derived from uncontrolled, or poorly controlled, observations. Ex- 
perimentation on human beings is difficult if not impossible in investigations of 
causes of diseases and conditions of long duration, especially those requiring 
strict randomization. Occasionally a set of circumstances occurs which enables 
the alert investigator to utilize observations in such a manner as to approximate 
and simulate planned experimentation. The classic and oft-quoted observations 
on cholera by Snow represent an example of an occurrence of this type. Such 
an advantageous combination of circumstances, however, is indeed rare. 

The search for meaningful associations, in the main, will have to be guided 
by observations of phenomena as they occur, with little, if any, interference on 
the part of the observer. Progress in the identification of causative factors in 
the important chronic diseases will depend to a great extent on our ability to 
utilize such observations and on the development of more rigorous methods 
and rules of analysis which will increase the likelihood of correct interpretation 
and will minimize the effect of extraneous factors inherent in uncontrolled ob- 
servations. 

The multiple approach, i.e., the investigation of the effect of a specific factor 
on a disease through a number of different independent types of observations, 
if each independently indicates the same relationship, reduces the chance that 
results are due to extraneous factors and increases the significance of the findings. 
However, the observations must be indeed different in type and not merely dif- 
ferent manifestations of the same set of phenomena all subject to the same limi- 
tations. Moreover, each observation must be accurate and reliable, and the 
relationship implied in each of the different types of observation must be valid 


in itself. 


Presented in part at the Fourth International Biometric Conference, Ottawa, Canada, Sept. 2, 1958. 
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The major weakness of observations on humans stems from the fact that 
they often do not possess the characteristic of group comparability, a basic re- 
quirement which in experimentation is accomplished by conscious effort through 
randomization. The possibility always exists, therefore, that such associations 
as are observed may, to a greater or lesser degree, be due to factors other than 
those under study. Thus, whether the investigation is based on a single type 
or a multiplicity of types of observation, it is necessary to evaluate each for its 
soundness and validity. 

Unfortunately, the methodology and criteria for evaluation have not yet 
been adequately developed. It is, therefore, perhaps not surprising that some 
data derived from uncontrolled observations are accepted as conclusive by some 
investigators and rejected by other equally competent observers. 

In this connection it may be instructive to compare the current approach 
in investigations of etiologic factors in many chronic diseases with the more 
rigorous methods long in use by bacteriologists in implicating a living organism 
as the causal agent for a specific disease. Almost frcm the very beginning, when 
bacteria were first found to cause disease, bacteriologists felt the need for a set 
of rules to act as guideposts in investigations of bacteria as possible causal agents 
in disease. The formulation by Koch of these postulates and their utilization 
in the field of bacteriology has contributed greatly to the orderly and systematic 
identification of causative organisms in many diseases. 

It is the purpose of this paper to develop an elementary parallelism between 
investigations of etiologic factors in certain chronic diseases and those of bac- 
terial diseases. This is done with a full realization of the inherent complexities 
involved. We do not pretend to provide a formulation which embraces all the 
relevant considerations. We are making an attempt to provide a basis for dis- 


cussion with the hope that it will be useful in the eventual development of guide- 


posts for the more systematic investigation of causative factors in chronic disease.* 


MULTIPLE CAUSATION 


In many of the important chronic diseases we are not yet at the stage of 
attempting to identify a definite, final, and single entity as a causal agent. Rather 
we are concerned with the investigation of conditions, often environmental, 
which may be involved in the causation of a given disease. These conditions, 
however, may, at best, be looked upon only as vectors or vehicles which may 
contain the specific causative agent. It is perhaps this distinction between the 
testing of a single definite organism as a possible causal agent and the investi- 
gation of characteristics or conditions as cause-carrying vectors which is at the 
root of the complexities with which we are concerned. 


*From the comments of several very competent investigators who read this paper in manuscript, 
it appears that the exploratory nature of the discussion may be easily overlooked. We wish, therefore, 
to emphasize that we do not claim to provide a definitive formulation of any of the points presented. 
Rather, we wish to raise certain issues which appear to us to be important in contemporary epidemiology, 
with the hope that they may stimulate discussion which may lead to the clarification of those issues. 
We also wish to make it clear that the examples used in this paper, in particular that of the relation 
between smoking and lung cancer, are only to illustrate methodology and not to express a judgment 
on the relative value of such other evidence as may bear on the problem. 
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As an example, in the study of the relationship of smoking to cancer of the 
lung, the immediate purpose is to determine whether smoking is implicated as 
a possible vector. If this were shown, further intensive analysis would be in 
order to determine how smoking causes the disease or what specific causative 
agent it contains. If such a specific agent were found, the demonstration that 
it causes lung cancer would not differ essentially in methodology from the demon- 
stration that a certain microorganism causes a specific bacterial infection. 

It is likely that for many of the chronic conditions there may be more than 
one agent causing the disease, each of which may be found in more than one 
vector. Thus even if smoking is found to be a cause of lung cancer, it is obvious 
that the smoking per se is not the specific cause, but that tobacco smoke may 
contain the proximate causal agent. The same agent might eventually be found 
in other environmental phenomena, such as automobile exhausts or fumes given 
off by various industrial processes. It is possible, also, that there are several 
different agents each of which may cause lung cancer and each of which may be 
found in one or more vectors. 

Whether there are different specific causes for a given chronic disease or a 
single specific cause involved in different vectors, the practical effects on the 
conduct of the investigation are the same, namely, that in many of the chronic 
diseases the investigator is confronted with the problem of ‘‘ multiple causation.”’ 
With present knowledge, or ignorance, of causal factors in chronic disease, the 
search often starts with the broad characteristic—the vector—and continues 
through many steps to the identification of the specific cause. The problem of 
multiple causation is more prominent during the early stages—the investigation 
of vectors—than at the last step of testing the specific causal agent. 

The present status of the search for etiologic factors, with respect to many 
of the important chronic diseases, is not unlike that which existed with the bac- 
terial diseases prior to the discovery of microorganisms. At that time, the prob- 
lem of multiple causation must have been more disturbing than in the later 
stages. 

Thus, for example, once the typhoid bacillus has been identified the demon- 
stration that it is the cause of typhoid fever is accomplished by a much more 
direct tvpe of investigation than is the type of study of polluted water or pol- 
luted milk, both of which may be involved as vectors for the same bacillus. 

In either case, whether the investigation relates to a vector or to a definite 
causal agent, there is the further complication that, even if either is causally 
related to the disease, the presence of the vector, or of the causal agent, does 
not necessarily imply the presence of the disease. In the case of a vector or a 
characteristic that is being investigated, it is obvious that even if it is causally 
related to a given disease, it is neither necessary nor sufficient for the disease. 
It is not necessary because the characteristic is usually not the sole cause and 
therefore the disease may exist in its absence. It is not sufficient because the 
characteristic may exist without the presence of the disease. The lack of suf- 


ficiency is often encountered also in investigations cf single specific causative 


agents, such as microorganisms as causes of certain diseases. In most of the 
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investigations of etiologic factors in chronic disease, however, many of the sus- 
pected characteristics are prima facie neither necessary nor sufficient. 

To use again the example of smoking, even if it were shown to cause lung 
cancer, the large number of smokers who do not have cancer of the lung testify 
to the insufficiency of smoking as a cause of the disease, and the existence of 
lung cancer patients who have never smoked clearly indicates that smoking is 
not a necessary cause. This situation is in contrast to that of diseases where a 
single specific agent is under suspicion, for in these cases the single agent, although 
not sufficient for the disease, is nevertheless necessary. Consequently, an es- 
sential element in the demonstration of the agent as a cause is that when ade- 


quately investigated it can be shown to be present in every case of the disease. 


Because the characteristics currently under study are neither necessary nor 
sufficient, investigations of etiologic factors in many chronic diseases lack the 
advantage of a one-to-one correspondence between cause and effect, in either 
direction. 

The importance of any characteristic as a possible cause or cause-carrying 
vector for a given disease can then be revealed not by its presence in every case, 
but only by an increase in the relative frequency of its occurrence among persons 
with the disease. Consequently, the statistical method must play an important 
role in investigations of causative factors in chronic diseases. On the other hand, 
because of the nature of uncontrolled observations, conventional statistical 
techniques cannot be utilized without modification, because the fundamental 
requirement of group comparability, ordinarily achieved through randomization, 
is not satisfied. Perhaps it would be useful to employ a special word, such as 
‘“epidemetric,’’ to emphasize the fact that in these investigations special tech- 
niques must be utilized, techniques which are basically quantitative (metric) 
but a kind specially designed for investigating the etiology of human disease. 


KOCH’S POSTULATES 
While there is no single formulation of Kech’s postulates uniformly quoted 
in all texts on bacteriology, they can be stated as consisting essentially of the 
following: 
I. The organism must be found in all cases of the disease 


in question. 
II. It must be isolated from patients and grown in pure 


culture. 
Ill. When the pure culture is inoculated into susceptible 
animals or man, it must reproduce the disease. 


It is of immediate importance to note that the bacteriologist is not satisfied 
with the demonstration of the concurrent presence of the bacteria and the disease 
as proof that the organism causes the disease. He does not stop with the first 
postulate. This must indicate that he is aware that it is possible for an organism 
to be present in all cases of a certain disease* and yet not cause it. The presence 


*This, of course, implies that it is not present in all ‘‘noncases.”’ 
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of the organism in such cases must be looked upon either as the effect, rather 
than the cause, of the disease,* or as a mere accompaniment to another organism 
which is the true cause, a ‘‘satellite,’’ as it were. 

The second and third postulates were thus formulated to differentiate be- 
tween organisms which are specifically responsible for a disease and those which, 
although present, do not themselves cause it. Postulates II and III must there- 
fore be considered as tests for specificity of effect, i.e., the organism is the ‘‘es- 
sential’’ cause of the disease. The requirement that the organism be isolated 
in pure form and reproduce the disease is the equivalent cf establishing that 
the suspected organism has the capability of causing the disease in question. 

The third postulate serves also to satisfy a sequential requirement. In order 
to implicate an organism in a cause and effect relationship, it is necessary to 
show not only simultaneous occurrence of organism and disease, but appearance 
in the correct sequence. The organism must be introduced into the body first 
and the disease developed subsequently. Postulate III accomplishes this in 
addition to satisfying the requirement for specificity of effect. 

Not in every case is it possible to satisfy all of Koch’s postulates. Bac- 
teriologists, however, are aware of the uncertainties and the opportunities for 
error when the evidence is not complete as may be judged from the following 
quotation: 


it must be recognized that any omission in the 
complete chain of evidence involves a risk of error; and much 


confusion has been caused by uncritical attempts to support 
the claims advanced on behalf of numberless bacteria isolated 
from different parts of the body in various diseases.” 

From the point of view of their possible application to the current status 
of investigations of etiologic factors in chronic diseases, the Koch postulates 
may, in the light of the above, be thought to imply two essential types of evidence 
necessary for the implication of an organism as a cause of disease. These may 
be stated to relate to: 

A. The simultaneous presence of organism and disease 
and their appearance in the correct sequence, and 

B. The specificity of effect of the organism on the de- 
velopment of the disease. 


In current investigations of etiologic factors in chronic diseases, attention 
has been focused primarily on the equivalent of A. Little if any concern has 
been expressed with respect to the second basic type of evidence, namely, the 
specificity of effect.f Even with respect to the demonstration of the simultaneous 
occurrence of characteristic and disease, no set procedures have been established. 
It is, therefore, desirable to discuss the implications of these two types of evidence 
to the methods of searching for etiologic factors in chronic disease. 


*That is, the organism has a predisposition for diseased tissue. 

+The term ‘specificity of effect’’ is not-entirely satisfactory for the chronic disease situation. It is 
used here only in lieu of a more suitable word to express the type of evidence which increases the con- 
viction that the suspected factor is indeed directly related to the disease. It is appreciated that the 
term’s connotation, in this instance, is not the same as when applied to the bacterial disease situation. 
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A. The Simultaneous Presence of Characteristic and Disease and Their 
Appearance in the Correct Sequence.—\och’s postulates are directly applicable 
only when a specific single organism is under investigation, so that the presence 
of the organism may be demanded in every case of the disease. With diseases 
in which broad characteristics are under study, simultaneous occurrence can be 
required only in terms of an increase in the relative frequency of occurrence. 
This major difference, as was pointed out previously, stems from the fact that 
broad characteristics, such as those currently studied in connection with chronic 
diseases, appear to be neither necessary nor sufficient for the development of 
the disease. 

As a consequence, a number of complications often arise: first, difficulty 
of measurement; second, selection of controls against whom an increase in fre- 
quency may be gauged; and third, the question of the correct sequence of events. 
The equivalent, for chronic diseases currently under investigation, of Koch’s 
first postulate must take one or the other of the following forms, which are, of 
course, not independent: 

1. The suspected characteristic must be found more 
frequently in persons with the disease in question than in per- 
sons without the disease, or 

2. Persons possessing the characteristic must develop the 
disease more frequently than do persons not possessing the 
characteristic. 

In general, studies of the retrospective type are utilized to establish state- 
ment 1, and those of the prospective type are needed to establish statement 2. 
It is not necessary in all instances to satisfy both statements, but it should be 
pointed out that statement 1 does not involve testing for the correct sequence. 
In many studies the question of sequence does not arise because it is often quite 
apparent that the disease cannot cause the characteristic 

Occasionally, however, the problem of sequence does arise. Thus, if the 
blood cholesterol level is found to be higher in persons who have experienced a 


coronary attack than in appropriate controls, it is not certain whether the high 


cholesterol level is a cause or an effect of the coronary attack. Similarly, when, 
as is often the case, knowledge of the presence of the disease may influence the 
discovery by the investigator or the recalling and reporting by the patient of 
the presence of the characteristic, the correct sequence is of great importance.* 
Statement 2 is then the more meaningful, and the prospective type of study is 
indicated. 

The most important consideration in either the prospective or retrospective 
study relates to the selection of controls. What is meant by ‘persons without 
the disease’ in statement 1 and ‘persons not possessing the characteristic’’ in 
statement 2? 

It is obvious that in each case these statements must refer to persons who 
are in all other respects similar to those having the disease or the characteristic. 

*As an example, knowledge of the presence of a congenital malformation in a newborn infant may 
lead to more thorough questioning of the mother and to her recalling certain infections during pregnancy 
which might well have gone unnoticed had the birth been nor mal, 
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Consequently, the method of selection of the study and control groups is of 
paramount importance. In prospective studies, the problem is related to the 
question of specificity of effect and will be discussed later. 

In retrospective studies the usual method consists of the selection of a group 
of persons possessing a certain disease and the selection of an appropriate control 
group. The two groups are then compared to determine differences between 
them in the frequencies of one or more characteristics. The validity of the com- 
parison rests in large measure on the composition of the control group in relation 
to that of the study group. A probability sample of the general population ap- 
pears on the surface toe be the most appropriate group for use in such comparisons. 
In many types of investigation, however, a probability sample may not be the 
most appropriate. 

Such a control is no doubt desirable when little is known of the possible 
influence which the common demographic characteristics have on the occurrence 
of the disease and investigation is performed for the purpose of initial identifi- 
cation of the effects of such unsuspected characteristics. But when these are 
known and one or more other specific characteristics are under suspicion, the 
probability sample may not be the most economical or efficient mechanism for 
study. 

The purpose in the latter case is obviously to focus observations on the 
factors under suspicion, and therefore it 1s necessary to make the two groups as 
nearly comparable as possible in all respects, except that one group has the disease 
and the other does not. A control group consisting of a probability sample of 
the general population may not be appropriate for this purpose, even when 
stratified for a number of characteristics. 

Since many diseases are known to concentrate their attacks on certain age, 
sex, race, socioeconomic, and other groups, it becomes necessary to stratify a 
probability sample for these factors if it is to serve as an adequate control. The 
result is, first, that exceedingly large groups must be selected under these circum- 
stances, even if the control group is to be stratified to the study group in only a 
few factors. More important, perhaps, is the fact that once it is so stratified 
and matched to the study group the major advantages of having been derived 
from a probability sample may be lost, for the resulting control group derived 
after such stratification and matching may no longer be a representative sample 
of any identifiable population. 

Because of these difficulties it is perhaps simpler to begin with a matched 


sample in which for each individual in the study group a paired control is selected 
who is as near as possible to the study individual in as many characteristics as 
possible. Unfortunately, we have not yet learned the best methods of selecting 
matched controls. Matching is often performed in a haphazard fashion and 
limited to the selection of persons who are also patients in the study group insti- 


tution, but in a different ward and suffering from a different condition. 

Serious investigations of the development of optimal methods for selecting 
controls are needed. It is indeed very likely that iii most investigations several 
groups of controls selected in different ways should be utilized. More important 
is the need for a different approach in selections of controls. Instead of using 
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individual single characteristics as a basis for selection, it is, perhaps, possible 
to devise mechanisms for selection which encompass groups of characteristics 
even if these are sometimes ill defined. The reason for this is that in many of 
the studies in which an etiologic factor is sought, we are concerned with environ- 
mental factors which, when taken together, form the vague concept of ‘‘ mode of 
life.” 

For example, if one were to examine the effect of diet on a specific chronic 
disease, one would be impressed with the fact that diet is much influenced not 
only by socioeconomic factors, but also by many other mode-of-life conditions. 
In order to pinpoint the effect of diet, it is necessary to compare two groups who 
are nearly alike in socioeconomic and mode-of-life factors to determine whether 
differences in dietary intake are meaningful. For if precautions are not taken 
to equalize the two groups for these characteristics, it is not possible to determine 
whether any differences in diet between the study and control groups are attribu- 
table to the disease or to differences in the mode of life which may characterize 


the two groups. 
Consequently, we must explore different means of selecting controls. For 
example, it is possible that a person’s residential area might be a cross-sectional 


mechanism for identifying people in terms of the mode-of-life characteristic. 
In other words, the best control for a person with coronary heart disease, for 
the purpose of studying etiologic factors, might be a person of nearly the same 
age who lives near him—his neighbor. Other possibilities might be a person’s 
friends—his bridge partner, the one who drinks an occasional beer with him at 
the local tavern, or the one who works next to him at a desk or assembly line. 

It is very likely that in many studies different types of control groups must 
be selected, depending upon the nature of the characteristics under suspicion. 
For example, if interest is focused on specific occupations as suspected etiologic 
factors, it would not do to select as a contre] a person in the same office or factory. 
In this case a neighbor might be a better control. On the other hand, if one is 
interested in the effect of housing as a suspected etiologic factor, the neighbor 


would obviously be the worst person to select as a control. 


B. Specificity of Effect of the Characteristic on the Development of the Disease. 
The demonstration of a greater frequency of the ‘characteristic in the study 
group than in an adequately selected control group satisfies no more than the 
equivalent of the first of Koch’s postulates, for this indicates only that the charac- 
teristic and the disease tend to occur together more often than expected. 

The requirements of Koch’s second and third postulates, that the organism 
be isolated in pure form and shown to reproduce the disease, serve the purpose 
of ruling out cases in which a suspected organism is not the real cause, but merely 
accompanies it. 

The similar requirement of establishing that a characteristic has a specific 
effect on the development of a chronic disease involves extremely complex con- 
siderations. The more serious of these stem from the problem of self-selection. 
The groups under observation and comparison are not selected by the investi- 
gator in a random procedure, but the individuals in the two groups have made 
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for themselves the critical decision of acquiring the characteristic. As a result, 
great doubt often exists as to the comparability of the two groups. In many 
cases a question arises as to whether the characteristic under study may not in 
fact be a mere axis of classification—an index which differentiates the two groups 
in terms of many important factors, and that these rather than the characteristic 
under investigation are causally related to the disease. 

For example, when a sample of the population (even if randomly selected) 
is divided into smokers and nonsmokers and the two groups are observed for the 
occurrence of cancer of the lung, the habit of smoking may serve only as a dif- 
ferentiating index for the two groups. Persons who become smokers may differ 
in many respects from those who elect to be nonsmokers. It is perhaps these 
unknown factors which may be related to the occurrence of cancer of the lung, 
much as in the situation where an organism may accompany the real causative 
agent but be harmless in itself (like sarcinae in gastric cancer). 

A recent study in Buffalo, for example, indicates that smokers differ sig- 
nificantly from nonsmokers in a number of characteristics: they are more neu- 
rotic, are more frequently hospitalized, and they change jobs and spouses more 
often than nonsmokers.* Had the two groups been compared for other character- 
istics, it is quite possible that they would have been found to differ in these also. 
It is conceivable that some of these other characteristics, rather than smoking, 
are responsible in whole or in part for the increase in lung cancer among smokers. 

To use a more familiar illustration, only a decade or so ago many evaluations 
of immunizing or therapeutic agents utilized volunteers as the study group, 
while persons who refused to volunteer for treatment were used as controls. Few 
today would be willing to accept the latter as controls for the volunteers. 

Bradford Hill expresses the general lack of confidence in this method of 
selecting controls in commenting on an investigation of the effects of vaccination 
against influenza which used volunteers and in which the difference in influenza 
rates between the study and control groups was reported to be statistically sig- 
nificant with a P of 0.00657: 


and yet does this ritual and do all these decimal 
places mean anything at all? Admittedly the technical test 
says that the two groups had experiences that differed by more 
than one would expect to occur by chance; equally it tells 
nothing else. As it stands, I do not myself believe that it gives 
any support whatever for the author’s conclusion that ‘here 
is evidence strongly in favor of immunization of large groups 
in industry.’* 


On the other hand, many investigators, including Professor Hill, feel that 
recent prospective studies lend strong support to the thesis that smoking is not 
only associated with, but is a cause of cancer of the lung. Yet it is difficult to 


perceive a basic difference in methodology in the two situations. Both suffer 


from the same fundamental weakness—the factor of self-selection. 

The reason that nonvolunteers are not acceptable as controls for volunteers 
must be the belief that volunteering per se represents an index—an axis of classi- 
fication—which differentiates the two groups according to many factors which 
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may have a bearing on the occurrence of the disease. The volunteer may be of 
the type of person who takes better care of his health and who may be a more 
careful person in general. As a consequence, he might be likely to experience 
less of the disease in question than the nonvolunteer, even if he were not im- 
munized. Differences in morbidity from the disease between volunteers and 
nonvolunteers thus may not be due to the effectiveness of the vaccine being 
tested, but to differences in the personalities and modes of life of the two groups. 

It follows by similar reasoning that the experiences in lung cancer mortality 
of smokers and of nonsmokers may not logically be compared to assess smoking 
as the cause of the disease. Smoking, like volunteering, may represent an index 
which differentiates the two groups in many aspects of mode of life and perhaps 
also on constitutional grounds. Consequently, smokers may experience risks 
of death from cancer of the lung different from those of nonsmokers, even if 
they never smoked at all. That is, people who eventually become smokers may 


possess certain characteristics which make them more vulnerable to certain 


diseases than persons who are in the category of ‘‘nonsmokers.’’ Smoking by 


itself, as an etiologic factor in lung cancer, may be the analogue of the 


‘satellite,”’ 
the accompanying organism of other disease situations. 

This suggestion is no more unreasonable than is the one which implies that 
the act of volunteering renders a person incomparable with a nonvolunteering 
control. In fact, one may be in a much stronger position in the case of volunteers, 
for the volunteers and nonvolunteers are often recruited from the same group, 
such as nurses in a hospital. The two groups are thus equalized with respect 
to many characteristics, including age, sex, and the general environment of the 
hospital. 

The demonstration of high relative frequencies in the study group is thus 
only a first step in the process of searching for etiologic factors. The investigation 
must proceed to the second and more crucial consideration (which, for want 
of a better term, is denoted here as that of specificity of effect), 1.e., to the demon- 
stration that the difference in relative frequencies reflects a specific and meaning- 
ful relationship between the characteristic under suspicion and the disease under 
consideration. 

Problems of specificity arise not only in connection with the characteristic 
but also with the disease entity. Difficulties in diagnosis and in grouping related 
disease entities may often blur and complicate the understanding of observed 
associations. 

More serious are tendencies to use an easily obtainable operation or measure- 
ment as a substitute for the disease itself. Thus in studies of the relationship 
of environmental factors to coronary heart disease, the blood cholesterol level 
is substituted for the disease entity. An investigation may show a relationship 
between a characteristic such as dietary fat and the blood cholesterol level, but 
the results are often presented with the implication that a relationship between 
fat intake and coronary heart disease has been demonstrated. 

Similarly, in investigations of the value of an immunizing agent, reaction 
to an antigen is often substituted for immunity. The value, for example, of 
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B.C.G. as a protection against tuberculosis has been ‘‘demonstrated”’ in a number 
of investigations by the postvaccination changes in tuberculin reactions. 

The use of substitutes of these kinds is at times desirable and often unavoid- 
able. They have a definite role to play as an interim step in many an investi- 
gation. However, they cannot be used as proof of a relationship unless the 
specificity of the substitute has been demonstrated to be of high order and ap- 


proaches a one-to-one relationship with that of the disease. 


TESTING FOR SPECIFICITY OF EFFECT 

Although relationships demonstrated by means of observations on humans 
can never be accepted with the confidence that a well-planned experiment can 
supply, much can be done to sharpen the tool of epidemetric investigation. At 
this stage of our knowledge and experience with epidemetric investigations, it 
is not possible to formulate rules which can be used as definite guides to separate 
causal from spurious relationships. As a first step, however, it may be stated on 
an intuitive basis that when a given characteristic is found to be associated with 
one, or at most a few, diseases, then the evidence for a causal relationship is 
more convincing, taken by itself, than when the characteristic is found to be 
associated with a large number of diseases. 

Thus, while it is not possible to satisfy the equivalent of Koch’s second and 
third postulates, it may be possible in many investigations to attempt a first 
approach to the attainment of the major objective underlying these postulates. 
This objective is taken to be that of establishing that the organism is specifically 
related to the disease and not in an incidental fashion as a reflection or accompani- 
ment of other organisms. 

It is in this sense that the term ‘‘testing for specificity of effect’’ is utilized 


for epidemetric investigations. The basic assumption of such a test is that if 


the characteristic is not related to the disease in a causal way, then the relation- 
ship should not be restricted to the disease under study but should also be present 
with other disease entities. If the characteristic can be shown to be related only 
or mostly to the disease under study and not to many other disease entities, 
then our confidence that it is a cause-carrying vector for that disease is greatly 
increased. 

If, on the other hand, it is found that the characteristic is also related to 
numerous other diseases, including those without obvicus physiologic or patho- 
logic connection with the characteristic in question, the relationship must be 
assumed—until further proof—to be nonspecific. Any meaningful association 
of the characteristic with the disease under study must depend upon other evi- 
dence. The statistical relationship need not be entirely overlooked, but it must 
be considered as secondary evidence only. 

The testing of the relationship of the characteristic to other disease entities, 
therefore, must constitute an essential part of the investigation. The relevance 
of the association with the original disease will depend to a great extent on the 
results of such investigation. The fewer the additional diseases which are as- 
sociated with the characteristic, the greater the weight which may be assigned 
to the relationship of the characteristic to the specific disease under study. 
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Occasionally it is possible to investigate the specificity of a relationship 
with respect to the characteristic as well as the disease, by substituting an as- 
sociated characteristic for the one under study and investigating the relationship 
of the substituted characteristic to the disease. 

As an illustration, Keys® used an association between the amount of fat in 
the diet and mortality from heart disease in several countries as support for his 
theory that fat is a causal factor in atherosclerosis. However, Yerushalmy and 
Hilleboe showed that a similar and, indeed, stronger relationship can be demon- 
strated between protein and heart disease and that a negative association exists 
between these components of the diet and mortality from diseases other than 
those of the heart. They concluded that the original association must be con- 
sidered nonspecific and cannot be used in even partial support of a supposed 
causal relationship.® 

To return to the smoking—lung cancer illustration, if smoking were shown 
to be related to lung cancer only or restricted to lung cancer and several related 
and physiologically explainable diseases, the association would have specificity 
and significance in suggesting a causal relationship. If, on the other hand, similar 
relationships can be shown with a variety of diseases, some of which cannot 
reasonably be thought to be influenced by smoking per se, then the association 
with cancer of the lung lacks specificity. The support which the statistical as- 
sociation provides for a causal relationship between smoking and lung cancer 
is correspondingly reduced. 

It follows, therefore, that investigations based primarily on observations 
on humans, in addition to demonstrating an increase in relative frequency as 
in statements 1 and 2 mentioned previously, must consider and study relation- 
ships of the suspected characteristic with other diseases, and, if possible, associ- 
ations of related characteristics with the disease in question. In other words, 


for an association to be valid in the sense that it may have causal implications, 


it must satisfy the requirement for specificity. The formulation of such a require- 


ment is difficult in view of the many complexities encountered in chronic disease 


investigations. 


aa 


Thus, it is not possible to indicate in precise terms what is meant by ‘‘re- 
lationships which may be expected on physiologic and pathologic grounds.” 
Nevertheless, because it seems important that these issues be discussed, the 


following statement is presented for purposes of such discussion: 


3. An observed association between a characteristic and 
a disease must be tested for validity by investigating the re- 
lationship between the characteristic and other diseases and, 
if possible, the relationship of similar or related characteristics 
to the disease in question. The suspected characteristic can 
be said to be specifically related to the disease in question when 
the results of such investigation indicate that similar relation- 
ships do not exist with a variety of characteristics and with 
many disease entities when such relationships are not predict- 
able on physiologic, pathologic, experimental, or epidemiologic 
grounds. In general, the lower the frequency of these other 
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associations, the higher is the specificity of the original ob- 
served association and the higher the validity of the causal 
inference. 


SUMMARY AND CONCLUSIONS 

Investigations of etiologic factors in chronic diseases are often based on 
uncontrolled observations which are subject to considerable limitations. In 
bacterial diseases, the utilization of Koch’s postulates as criteria has contributed 
to the orderly and systematic identification of causative organisms in many 
diseases. 

In this paper, an elementary parallelism is developed between current in- 
vestigations of etiologic factors in a chronic disease and investigations of bacterial 
disease outlined by Koch. It is suggested that two essential types of evidence 
are involved in Koch’s postulates: 

A. The simultaneous presence of organism and disease, 
and their appearance in the correct sequence, and 

B. The specificity of effect of the organism on the de- 
velopment of the disease. 


Because in chronic diseases multiple causation is often encountered, and 
especially because of the disturbing factor of self-selection, problems arise in 
measurement, in selection of controls, and in testing for specificity of effect. 

For purposes of discussion the following statements are suggested as a first 


approach toward the development of acceptable guideposts for the implication 
of a characteristic as an etiologic factor in a chronic disease: 


1. The suspected characteristic must be found more 
frequently in persons with the disease in question than in per- 
sons without the disease, or 

2. Persons possessing the characteristic must develop 
the disease more frequently than do persons not possessing 
the characteristic. 

3. An observed association between a characteristic and 
a disease must be tested for validity by investigating the re- 
lationship between the characteristic and other diseases and, 
if possible, the relationship of similar or related characteristics 
to the disease in question. The suspected characteristic can 
be said to be specifically related to the disease in question when 
the results of such investigation indicate that similar relation- 
ships do not exist with a variety of characteristics and with 
many disease entities when such relationships are not pre- 
dictable on physiologic, pathologic, experimental, or epidemi- 
clogic grounds. In general, the lower the frequency of these 
other associations, the higher is the specificity of the original 
observed association and the higher the validity of the causal 
inference. 


These statements are not intended to provide a formulation which embraces 
all the relevant considerations involved. They are presented with a full reali- 
zation of the inherent complexities, especially the arbitrary nature of some parts 
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‘ 


‘relationships predictable on physio- 


of statement 3 above; for example, when are 
logic grounds’? It is hoped, nevertheless, that they might be useful as a basis 
for discussion and in the eventual development of a more systematic methodology 


for the investigation of causative factors in chronic diseases. 
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URING the past several years, it has become increasingly clear from discus- 

sions concerning the interpretation of results of studies of possible etiologic 
factors in lung cancer, coronary artery disease, etc., that there is a need for a 
general formulation of procedural and inferential methods to serve as a guide 
line to investigators. Yerushalmy and Palmer should be congratulated on making 
such an initial attempt. However, as they point out, differences of opinion do 
exist, and it is only by extended discussion of the issues involved that we can 
hope to arrive at the desired goal. In this discussion I shall comment briefly 
on certain of the areas discussed by Yerushalmy and Palmer. After this, I 
would like to modify and extend their formulation of criteria and guide lines. 


VECTORS VERSUS AGENTS OF DISEASE 


In general, the Yerushalmy-Palmer approach to the problem is to compare 


procedures used in infectious diseases with those prevailing in the area of the 
noninfectious diseases. They point out that one of the major differences between 
determining etiology in the infectious and noninfectious disease fields lies in 


the testing of a specific single organism as a possible causal agent in infectious 
diseases in contradistinction to testing the relationship of a vector to a non- 
infectious disease. Apparently, they have not considered the possibility that 
this difference merely reflects differences in the frame of reference within which 
an investigator operates, which in turn reflects differences in levels of develop- 
ment of knowledge of these two types of disease, rather than differences in the 
logic of the situation. 

An investigator can deal in terms of a vector in both the infectious and non- 
infectious diseases. The following listing of vectors and specific infectious diseases 


illustrates this point. 


Vector Disease 
Pulluted water Typhoid fever 
Polluted milk Typhoid fever 
Polluted water Cholera 
Polluted water Dysentery 
Cigarette smoke Lung cancer 


Chro is. 
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hus, one could find an association between a vector and either an infectious 
or noninfectious disease. With respect to the issue of deriving a causal inference 
from such an association, it is doubtful whether anyone would deny that polluted 
water is the ‘‘cause”’ of typhoid fever. 

An investigator can also operate within a more specific frame of reference, 
such as at a cellular level. The following listing illustrates this point. 

Specific A gent Disease 
lyphoid bacillus Typhoid fever 


Dysentery bacillus Dysentery 
Obviously, Yerushalmy and Palmer feel that this specific frame of reference is 
the desired framework within which one should operate. However, in view of 
the increasing interest in viewing biologic mechanisms at a molecular level, 
one might even criticize this type of referential framework. It is reasonable 
to ask, ‘‘Does the typhoid bacillus cause typhoid fever?” From a molecular 


viewpoint, the typhoid bacillus can also be considered a vector of a specific 


chemical agent which is the ‘‘real’’ cause of the disease. With respect to diph- 
theria there are differences between virulent and avirulent strains of the organism, 
each of which can be transformed into the other. Obviously, according to the 
criteria set forth by Yerushalmy and Palmer, one cannot state that the diph- 
theria bacillus is the cause of diphtheria. Do they feel that it is necessary to 
know the actual biochemical agents involved in the causation of disease before 
one can make an inference about a cause of a disease? 

At this point it is rather pertinent to indicate that even if we had complete 
knowledge of causative agents at a molecular level, it would still be necessary, 
in many instances, to have information concerning vectors in order to institute 
effectively the measures required for the prevention and control of the disease. 
For developing methods of control one needs to know that polluted water is a 
cause of typhoid fever; knowledge that protein X in the typhoid bacillus is the 


specific causative agent does not necessarily lead to methods of control. 


SPECIFICITY OF EFFECT 

Another major point made by Yerushalmy and Palmer is the expression of 
the need for specificity of effect of the characteristic on the development of the 
disease. Generally speaking, it is difficult to quarrel with such a position, al- 
though there is need to qualify the application of this criterion. Specificity of 
effect must be interpreted in terms of the degree of association of the characteristic 
with the disease. It would perhaps be best to illustrate this with the type of 
data which stimulated Yerushalmy and Palmer to make this point. 

In Table | is presented a summary of the results of the most recent prospec- 
tive study on the relationship of cigarette smoking to various diseases.! The 
results are presented in terms of the ratio of observed deaths from a particular 
cause among smokers to the number of deaths expected as determined from the 
mortality experience of non- and occasional smokers. Clearly, smokers have 
an increased risk of dying from various causes. Yerushalmy and Palmer argue 
that, since smoking is not related to only one cause of death, the relationship 
is probably nonspecific. However, they have disregarded several considerations 


yee 19 ETIOLOGIC FACTORS IN CHRONIC DISEASES 43 
that must be borne in mind. First, it seems clear that the degree of association 
must be given some weight in evaluation. For example it may be seen from 
Table I that the association of smoking with lung cancer is outstanding as com- 
pared to the association with other causes of death. In fact, one might state 
that this association is ‘“‘specific’’ when the quantitative aspect of the association 
is taken into account. Second, it does not seem improbable that there may be 
different reasons for the various associations. For example, my personal opinion 
is that the association of smoking and lung cancer is indicative of a causal rela- 
tionship, whereas some other associations may be a result of self-selection as 
discussed by Yerushalmy and Palmer, and still others may be spurious. In 
making these judgments one must take into account the degree and the biologic 
plausibility of the association, which is dependent upon our general knowledge 
of the biology of these specific diseases. For example, it has been shown that 
smokers and nonsmokers differ with respect to emotional characteristics.? Since 
there are clinical impressions that emotional factors may have an influence on 
such diseases as peptic ulcer and coronary artery disease, self-selection should 
be considered a possible explanation for the association of smoking with these 
diseases. Further investigation is necessary before a final decision can be made. 
Also, Berkson has demonstrated that a spurious association of a relatively low 
degree may result from biased sampling; this may be a possible explanation for 
some of the associations, particularly those of low degree.’ To illustrate the 
need for considering biologic plausibility, let us assume that we have found an 
association between cigarette smoking and ingrown toenails. Obviously, one 
would not interpret this as a causative relationship because it does not seem 
plausible on the basis of current biologic knowledge. It is needless to point cut 
that our interpretation of any relationship is limited by our biologic knowledge, 
and it may well be that an association which at present does not appear to be 
biologically plausible will turn out to be so when our knowledge has been ex- 
tended.‘ In fact, the finding of a biologically implausible association may be 
the first lead to this extension of knowledge. However, all that can be done is 
to indicate that the association should be investigated further. On the other 
hand, the association with lung cancer appears entirely plausible in the light of 


present knowledge of carcinogenesis, since it is not unreasonable to visualize 


TABLE [. RELATIVE IMPORTANCE OF DISEASES CAUSING EXCESS MORTALITY AMONG REGULAR 
CIGARETTE-ONLY SMOKERS* 


MORTALITY RATIO OF 
CAUSE OF DEATH SMOKERS TO NON- OR 
OCCASIONAL SMOKERS 


Cancer of lung 

Respiratory diseases 

Coronary heart disease 
Hypertensive cardiovascular disease 
Other cardiovascular diseases 
Cancer except lung 

All other diseases 


*From Dorn.! 
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the inhalation and deposition of a chemical carcinogen from cigarette smoke 
which initiates a neoplastic process. 

Since Yerushalmy and Palmer utilize Koch’s postulates as indicating the 
need for the specificity criterion, a comment or two on the first postulate appears 
pertinent. One wonders how rigid was the adherence to the first postulate. 
For example, in tuberculosis, is the tubercle bacillus found in 100 per cent of 
the patients who have clinical manifestations of tuberculosis? Of course not! 
Perhaps, it is found in about 90 per cent of the cases. This does not prevent us 
from stating that the tubercle bacillus is a cause of tuberculosis. Actually, 
what one does is try to look for another causative agent in these 10 per cent of 
the cases in which tubercle bacilli have not been found. In fact, there is a danger 
of going through a certain amount of circular reasoning since an investigator 
may well sav that the disease is not tuberculosis unless the tubercle bacillus is 
isolated, resulting in a one-to-one correspondence between the isolation of the 


tubercle bacillus and tuberculosis. 


MATCHED OR PROBABILITY SAMPLE CONTROLS 

The problem of selecting controls is a difficult one, and one cannot help 
but agree with Yerushalmy and Palmer that a need does exist for exploring and 
evaluating different methods of selecting controls in epidemiologic studies. 
However, there are certain advantages to using probability sample controls 
which should not be overlooked. 

One phase of an epidemiologic study consists in determining whether there 
is any consistency between the d stribution of a disease in a population and the 
distribution of the possible etiologic factor in the population. For example, if 
one finds a relationship between smoking and lung cancer, and if one also finds 
that lung cancer occurs more frequently in a certain segment of the population, 
it would be of considerable importance to determine whether the reason for the 


increased frequency of lung cancer in that segment is a result of the increased 


frequency of smoking in that segment. The finding of such consistency increases 


the confidence with which one regards the association. Such observations can 
be regarded as being similar to the process of replication in experimentation. It 
is as though nature has provided us with a series of natural experiments. The 
determination of such consistency can be accomplished only by means of prob- 
ability sample controls. Thus, the probability sample controls provide us with 
both the information about the matched control group and the additional in- 
formation concerning consistency. Admittedly, probability sample controls are 
more difficult and more expensive to obtain in some instances, but whenever pos- 
sible from the viewpoint of personnel and costs, they are worth the additional effort. 

Of course, the question of what types of patient groups and what types 
of controls should be selected is also dependent on the level of development of 
a hypothesis. If one is exploring a series of hypotheses in order to develop a 
lead, he will perhaps limit himself to a hospital population and he may utilize 
various types of controls. On the other hand, if a specific type of relationship is 
being investigated in a more definitive manner, and a community-wide popula- 
tion study is being contemplated, it would appear more desirable to select prob- 


ability samples. 


Mute ETIOLOGIC FACTORS IN CHRONIC DISEASES 
GUIDEPOSTS FOR IMPLICATION OF POSSIBLE ETIOLOGIC FACTORS 

On the basis of their discussion, Yerushalmy and Palmer have presented a 
set of criteria to serve as guideposts for the implication of a characteristic as 
an etiologic factor in a chronic disease. The foregoing brief comments on some 
of the issues discussed by Yerushalmy and Palmer can serve as a basis for a modi- 
fication and extension of their formulation. 

The two statements (I and II) made by Yerushalmy and Palmer concern- 
ing the determination of the association by retrospective and prospective studies 
would remain essentially the same. After the association is determined and 
evaluated in terms of degree and biologic plausibility, we are left with two pos- 
sible hypotheses, as follows: (1) The characteristic causes the disease. (2) The 
association is the result of a common X-factor, which causes both the charac- 
teristic and the disease; essentially, this is the self-selection hypothesis, which 
requires evaluation. 

There are several methods that can be used in evaluating these two hypo- 
theses. I shall describe and briefly discuss each of these. 

1. The Performance of Well-Controlled Experiments in Human Population 
Groups.— These may be of two types: (a) Establish an experimental and a 
control group and randomly allocate the possible etiologic agent to the first and 
withhold it from the second. (b) Set up an experiment to determine whether 
cessation of the habit results in a decrease in death rate from the particular 
disease. kor example, with respect to cigarette smoking and lung cancer, select 
a group of cigarette smokers and randomly allocate these individuals to two 
subgroups, one of which stops smoking and the other continues to smoke. These 
would be observed to determine subsequent death rates. It is needless to point 
out that the possibility for performing such experiments is quite small. 

2. The Determination of the Biochemical or Biophysical Mechanisms by 
Means of Which the Possible Etiologic Factor Produces the Disease.—If these can 
be elucidated, the self-selection hypothesis can be discarded, since a direct link 
would therefore exist between the etiologic agent and the disease. Since in most 
instances such investigations would be carried out on animals, we encounter the 
problem of whether it is valid to generalize from animals to human beings. This 
may be a minor problem if all types of data (both human and animal experi- 
mental) fit together in a consistent pattern. However, once such mechanisms are 
established in animals, it may be possible to develop methods for doing similar 
studies in human beings. 

3. Additional Epidemiologic Studies Can Be Carried Out.—Such studies 
can be of two types, each of which will be discussed. 

a. The distribution of the possible etiologic factor in the population, by 
age, sex, race, and other population characteristics should be determined. Then, 
the distribution of the disease in the population according to the same charac- 
teristics should be determined. These two distributions should be analyzed to 
decide whether the population distribution of the disease is consistent with the 
population distribution of the possible etiologic factor. Complete consistency 
of these two distributions will obviously increase confidence in the plausibility 
of an etiologic relationship, since it would be less likely that self-selection would 
operate to the same extent in all of the various subgroups of the population. 


ere J. Chron. Dis. 
LILIENFELD July, 1959 


b. Individuals who have the possible etiologic factor should be compared 
with those individuals who do not have the factor, with respect to as many char- 
acteristics as possible. Essentially, this approach attempts to determine the 
existence of the possible common denominator. The more nearly similar the 
two groups are, the less likely becomes the self-selection hypothesis. There is 
of course the risk that, in such a comparison, the pertinent common denominator 
is overlooked because of a lack of knowledge of what to look for, but any infer- 
ences made in any scientific field are always limited in terms of available existing 
knowledge. 

On the other hand, if differences are found between these two groups, it 
does not necessarily mean that the self-selection hypothesis is valid. It then 
becomes necessary to determine whether the characteristics which differentiate 
these two groups are independently related to the disease, since this is a necessary 
condition for the validity of the self-selection hypothesis. Also, it is possible 
to evaluate the relevance of such differences in a quantitative manner, since the 
degree of association of such characteristics with the possible etiologic factor 
should be at least as great as the degree of association of the possible etiologic 
factor with the disease, as has been demonstrated recently.® 

It is clear from the foregoing discussion that the first and second procedures 
(experimentation and determination of mechanisms) serve to provide more 
definitive positive evidence concerning a cause and effect relationship, to the 
extent that other scientists would accept such evidence as ‘“‘absolute proof.”’ 
rhe two types of studies discussed under the epidemiologic approach operate 
in two different directions. The finding of consistency increases the likelihood 
of the causal hypothesis being true, and the finding of similarities between those 
with and those without the possible etiologic factor decreases the likelihood of 
the self-selection hypothesis being true. It is our feeling that utilization of these 


last two procedures can increase the likelihood of the causal hypothesis so that 


it becomes sufficiently reasonable to serve as a basis for indicated action. It 
should be emphasized that the data and inferences from such epidemiologic 
studies do not exist ‘in vacuo.”’ The inferences should take into account the 
totality of biologic information that is available. The plausibility of the causal 
hypothesis is assessed, not in terms of the results of one particular study or a 
“crucial experiment,’ but in terms of the totality of available biologic evidence. 

In discussing these changes and extensions of the Yerushalmy-Palmer recom- 
mendations, it should be emphasized that they are being presented in the hope 
that further discussion of these problems by other investigators will be stimulated. 
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Ge oral nonmercurial diuretic compound, chlorothiazide (Diuril), has been 


shown to be an effective diuretic agent.’?* It produces natruresis and 
chloruresis by both the oral and intravenous routes. Although there is some 
difference of opinion regarding its potency as a carbonic anhydrase inhibitor in 
in vitro experiments, its effect on urinary electrolyte excretion resembles that of 
mercury rather than the carbonic anhydrase inhibitors. It is excreted largely 
by the kidney and present evidence suggests that it is excreted unaltered.*| Both 
acute and chronic toxicity studies in animals indicate that its dosage range as 
an effective diuretic is only a small fraction of the toxic dose. To date, no serious 
untoward reactions have been reported from its use in congestive failure. In 
hepatic cirrhosis, however, it has been observed to precipitate hepatic coma or 
precoma in certain patients known to be susceptible to hepatic coma as a conse- 
quence of excessive protein intake.° 

The present communication summarizes our experiences with the drug in 
patients hospitalized with congestive heart failure and cirrhosis and, in addition, 
presents the results of a controlled comparison of the diuretic efficacy of chlorothi- 
azide and a frequently used mercurial diuretic regimen in ambulatory outpatients 
with congestive heart failure and cirrhosis. During the course of our experience 
with chlorothiazide we have observed undesirable consequences of its use in 
several patients with mild-to-moderate renal insufficiency. Three such cases 


are reported in an appendix to this communication. 
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MATERIALS AND METHODS 

Initial experience with chlorothiazide* was obtained on selected hospitalized 
patients with either congestive heart failure or cirrhosis. Sodium intake was 
kept below 1 Gm. daily. Continuous 24-hour urine collections were obtained 
on all patients, and the urinary excretion of sodium and potassium was measured 
using an internal standard flame photometer. Excretion of electrolytes following 
administration of chlorothiazide was compared with that in data obtained during 
a pretreatment period when no diuretic was being administered. Serum elec- 
trolytes, including sodium, potassium, CO. combining power, and_ chloride, 
were measured 2 or 3 times weekly, and the blood nonprotein nitrogen was also 
determined serially. Salt intake, digitalis dosage, and other measures were kept 
constant for a period of at least 3 days before the study and were unchanged 
during the study. 

The patients for the outpatient study were selected from the dispensary of 
The Johns Hopkins Hospital. All patients in the cardiac group had severe con- 
gestive heart failure with marked edema and hepatic engorgement, but none was 
known to be refractory to mercurial diuretics. Some of these patients had been 
receiving mercurial diuretics regularly prior to the initiation of the present study. 
The patients with cirrhosis all had persistent ascites and previously had required 
mercurial diuretics to prevent progressive accumulation of fluid. 

The outpatient study was designed as a double-blind study to eliminate 


prejudice for or against a new diuretic. Two dosages of each drug were to be 


used on each patient: chlorothiazide in daily dosages of 1 Gm. (0.5 Gm. twice 
daily) and 2 Gm. (0.5 Gm. 4 times daily), and mercaptomerin (Thiomerin) in 
dosages of 1 ml. (40 mg. Hg) and 2 ml. (80 mg. Hg) weekly. Each dosage schedule 
was designed to last for a 2-week period. The order of administration for the 
group with congestive failure was randomized as shown in Table I in order to 
minimize bias arising as a result of systematic changes with time during the 10 
weeks that the study lasted. During the course of the study each patient re- 
ceived weekly injections of either a placebo or mercaptomerin and regular sup- 
plies of pills (either placebo or chlorothiazide) sufficient to last 10 days. A new 
supply of pills was given at the beginning of each 2-week period. The remaining 
pills were counted at each clinic visit to make sure that the patient had followed 
instructions. Morning weights were recorded in the clinic on the day a dosage 
schedule was begun, and the patient returned to be weighed at 24 and 48 hours. 
Morning weights were also obtained on the eighth, ninth, and tenth days of each 
dosage schedule. Thus, weight changes were available at the end of 24 and 48 
hours after the beginning of a given regimen and at the end of 7, 8, and 9 days. 
Of the 11 patients begun on the study, 9 completed the entire series of dosage 
schedules and 2 were lost to follow-up during the study. The cirrhosis study 
differed in that no placebo control period was included, and the dosages of chloro- 
thiazide were 0.75 and 1.5 Gm. daily given in 3 daily doses. Weights were ob- 
tained at 2, 3, 4, and 7 days after starting a given regimen. Six patients with 


cirrhosis completed the study. 


*Chlorothiazide supplied t’ ‘ough the courtesy of Dr. John R. Beem of Merck Sharp & Dohme. 
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TABLE I. Driurtt Stupy CopE 
PERIOD 


PATIENT 


= ; ¥ ye 
xX '; None A 
Y / . None 


Z None J | 
None { ; 

None ‘ 4 

z j None 


X 
Zz 


i Chlorothiazide, 1 Gm. daily; X Thiomerin, 1 c.c. weekly; Y = Thiomerin, 2 c.c. weekly; 
Z = Chlorothiazide, 2 Gm. daily. 


Plan for the double-blind cardiac outpatient study. The sequence of letters in each row denotes 


the order in which the various regimens were administered to a given patient. These sequences were 


randomized in a Latin square design. In addition to the drug shown, the patient in that category re- 
ceived an appropriate placebo. Thus, with regimens T and Z weekly injections of a placebo were given, 
and with regimens X and Y an appropriate number of placebo pills were given. With regimen ‘‘None,” 
placebo pills and injections were given 

RESULTS 

The diuretic response to chlorothiazide in the group of hospitalized patients 
with congestive heart failure was uniformly good. In the 15 hospitalized patients 
on whom the most careful observations were made the weight loss ranged from 
3 to 45 pounds during the first 7 days on this drug with an average loss of 14 
pounds. The increase in sodium excretion began on the first day of administra- 
tion of chlorothiazide and usually reached a maximum on the third or fourth 
day. Typical responses in 2 patients in this group are shown in Figs. 1 and 2. 
One patient (C. J., Fig. 2) developed hypokalemia as evidenced by a decrease 
in serum potassium from 4.2 to 3.2 mEq. per liter. This was not associated with 
clinically recognizable symptoms of hypokalemia and was corrected within 72 
hours by administration of 2 Gm. of potassium chloride daily. No other instance 
of serum potassium decrease of this degree was encountered and potassium chlo- 
ride was not administered routinely. It is worthy of note that several of these 
hospitalized patients had borderline renal insufficiency, yet had sustained diuresis 
without further impairment of renal function. This has not been consistently 
true in our experience, however, and the exceptions will be considered in more 
detail later in this report. 

Chlorothiazide was also tried in patients hospitalized with decompensated 
cirrhosis. The response in these patients was unimpressive. Of the 4 patients 
treated, none had a significant diuresis, and 2 became drowsy and lethargic. 
These patients all had decompensated cirrhosis of such severity as to require 
hospitalization. All had ascites and edema, and their response to mercurial 
injections was unimpressive. Because of reports®:® of precipitation of hepatic 
coma with this drug in patients with severe cirrhosis, its use in cirrhos’s was 
subsequently confined to outpatients with less severe disease. 
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rhe results of the outpatient study in the congestive failure group are shown 
in Table Il. Mean values for weight loss at the indicated times are shown for 
the group of 9 patients (of the original total of 11) that completed the series of 
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Fig. 1 Weight and urinary electrolyte excretion before and after administration of chlorothiazide 
in S. G., a Negro woman with hypertensive cardiovascular disease. The patient’s sodium chloride 
intake was kept below 1 Gm. per day during the study Excretion values for Na (sodium) and K 
potassium) are in milliequivalents per day BW = body weight in pounds Arrow indicates start of 


chlorothiazide 


BODY 
WEIGHT 


Fig. 2.—Weight and urinary electrolyte data and serum potassium in C. J., a 50-year-old white 
man with severe hypertension and congestive heart failure. Sodium chloride intake was 1 Gm. daily 
and potassium intake was 2 Gm. daily Excretion values are in milliequivalents per day. Serum po- 
tassium values are in milliequivalents per liter, body weight in pounds. 


dosage schedules. These results are presented graphically in Fig. 3. The regi- 
men consisting of 2 Gm. of chlorothiazide daily produced a diuresis quite superior 
to all other regimens. Progressive weight loss occurred during the entire period 


of drug administration. Both chlorothiazide dosage schedules were associated 
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with greater weight loss than either of the weekly mercurial injections. It is 
evident, however, that the mercurial injections produced a diuretic effect when 
compared with the weight changes when the same patients were receiving only 
placebos. It was agreed at the outset of the study that the decision to administer 
additional diuretics would be made on the basis of the patient’s symptoms and 
the physician’s evaluation of the patient’s condition without knowledge of what 
‘no diuretic’’ period 


medication the patient was receiving. Three patients in the 
of the study and 2 patients in the 1 ml. mercaptomerin weekly group required 
additional diuretics. This was administered in 1 ml. (40 mg. Hg) injections of 
a mercurial diuretic (Thiomerin). These patients are included in Table II and 
Fig. 3. Although this biases the data in favor of the control and 1 ml. mercurial 
groups, the conclusions reached about the superiority of chlorothiazide do not 
need to be altered. It is interesting that all of the patients except one attributed 
any diuresis observed between visits to the injections irrespective of what they 
were actually receiving at a given time. 

CHLORO- | CHLORO- THIOMERIN |THIOMERIN NO 


THIAZIDE THIAZIDE 2cc once Ice once DIURETIC 


Gms 2 daily | Gms | daily weekly weekly 
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Fig. 3 Data on controlled outpatient study in 9 patients with congestive heart failure. Day 1, 
2, etc., denote days following initiation of a given regimen. The arrows indicate the points at which 
the weekly injections of mercurials were given 


Since the 2 dosage schedules of chlorothiazide consisted of 0.5 Gm. tablets 
twice daily and 4 times daily, it was considered possible that part of the difference 
observed between the 1.0 and 2.0 Gm. dosages of chlorothiazide resulted from 
difference in time schedules of administration.’ This possibility was tested by 
administering 1.0 Gm. of chlorothiazide daily in doses of 250 mg. 4 times daily 
for 1 week, followed by 2.0 Gm. daily also administered in 4 doses daily. Of the 
4 patients studied in this manner, 3 showed weight losses of 4, 6, and 7 pounds, 
respectively, during the first 7 days; one patient with more severe failure lost 
only one pound. All of the patients exhibited a greater weight loss during the 
following week on the 2.0 Gm. regimen (10, 10,9, and 7 pounds). Although these 
data perhaps suggest that the 1.0 Gm. daily dose of chlorothiazide is more ef- 
ficacious when given in 4 divided doses (250 mg. four times daily) than when 
given (as in the described outpatient study) as 0.5 Gm. twice daily, it is also 
evident that the 2.0 Gm. daily dose is superior when the time schedules of adminis- 
tration are identical. Observations in 2 other patients tended to confirm the 
impression that repeated frequent doses are more efficacious than less frequent 
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larger doses. These were patients who could not be kept edema-free on 2.0 Gm. 
of chlorothiazide given in 0.5 Gm. doses four times daily. When the dosage 
schedule was changed to 250 mg. every 3 hours, a significant diuresis occurred 
and the patients subsequently remained edema-free on this regimen. 

In sharp contrast to the effects noted in the congestive failure group, Fig. 4 
shows results of a similar study in 6 patients with cirrhosis. These were patients 
with ascites who had previously required intermittent mercurial injections to 


prevent progressive fluid accumulation. The plan of this study was similar to 


that of the congestive failure group except that no control period was included. 
No impressive or consistent pattern of weight loss was seen with any of the regi- 
mens. However, in view of the data from the congestive failure group it is im- 
possible to say that these diuretic schedules were not preventing weight gain 
since no comparable placebo control period is available on these patients. The 
dosages used in the 2 outpatient studies were the same for the mercurials, but 
the cirrhotic patients received less chlorothiazide. The lower dose of chlorothi- 
azide does not seem adequate as an explanation for the relatively poor perform- 
ance of this drug since the response of the patients with congestive failure who 
received 1 Gm. of chlorothiazide daily appeared greater and more consistent 
than the response to 1.5 Gm. in the patients with cirrhosis. 


Chlorpthiazide Chlorothiazide Thiomerin Thiomerin 
15 gms daily .75gms daily icc once week 2cc once week 


+10 
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Fig. 4.—Data on 6 cirrhotic outpatients with edema and ascites. The plan of this experiment is 
similar to that in Fig. 3 except that no placebo control period was included, and a different dosage sched- 
ule was used for the chlorothiazide. The numbers along the ordinate refer to weight change in pounds, 


Among the outpatients and the hospitalized patients there was observed 
in only one instance an erythematous, maculopapular, generalized skin eruption. 
This appeared after about 5 days of administration of chlorothiazide and dis- 
appeared shortly after the drug was withdrawn. No other drug eruptions have 
been observed, and no hematuria has been seen in the frequent urinalyses per- 
formed on most of these patients. No instance of anemia or leukopenia was 
observed. 

An alarming sequence of events has been observed in 4 patients. Three of 
these are presented in some detail in the appendix following. All were patients 
with hypertension and renal insufficiency (as judged by moderate azotemia) 
but without acidosis prior to administration of chlorothiazide. In all 4, adminis- 
tration of chlorothiazide was associated with a prompt weight loss, decrease in 
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serum sodium, chloride, and plasma bicarbonate, indicating a moderately severe 
metabolic acidosis. Details of the course of this disturbance in 2 of the patients 
are shown in Figs. 5 and 6. Both of these patients developed an acidosis and 
mild hyponatremia with evidence of further impairment of glomerular function 
(rising NPN or creatinine). These changes were associated with a significant 
weight loss. Clinical improvement occurred when the drug was stopped, but 
this was not associated with any weight gain. Another puzzling feature of this 
disturbance was the occurrence in 3 patients of severe hyperkalemia (see Appen- 
dix) concomitantly with the other changes, although one patient had an elevated 
serum potassium before the administration of chlorothiazide. There was no 
associated oliguria, and none of the patients had hematuria or other findings to 


suggest that this was a specific nephrotoxic effect of the drug. Following with- 


drawal of the drug, the patients improved with disappearance of the acidosis 
The hyperkalemia disappeared somewhat more slowly. 
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Fig. 5 
Fig. 5 Acidosis associated with administration of chlorothiazide in Patient E. K. with pre-existing 
renal insufficiency Case 1 in Appendix.) BW body weight in pounds. Second graph from top is 
blood pressure in mm. Hg. Serum electrolyte and CQO» data are all expressed as milliequivalents per 
liter. The serum nonprotein nitrogen (NPN) is expressed as mg. per cent. 
Fig. 6 Acidosis with chlorothiazide administration. See Case 2 in Appendix for details. All 
serum electrolyte and CO» data expressed as milliequivalents per liter. Serum creatinine is expressed 
as mg. percent. BP blood pressure (mm. Hg), BW body weight in pounds. 


DISCUSSION 


It is evident from the data above and the reports of others!~*:® 7 that chloro- 
thiazide is an excellent and well-tolerated diuretic in congestive heart failure. 


In the outpatient study reported here, daily administration of either 1 or 2 Gm. 
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appeared superior to injections of 80 mg. of mercury given weekly in the form of 
an organic mercurial diuretic. Weight changes following 2 Gm. daily doses of 
chlorothiazide were greater than those associated with 2 ml. of Thiomerin even 
at 24 and 48 hr., when the mercurial effect may be expected to be greatest. This 
should not be construed as evidence for absolute superiority of one agent over the 
other since weekly injections of this amount of a mercurial diuretic cannot be 
considered vigorous mercurial diuretic therapy. This dosage schedule of mercurial 
diuretic was chosen because it is commonly employed in the outpatient depart- 
ment. 

Following completion of the various regimens described we have kept pa- 
tients on some regimen of chlorothiazide whenever diuresis was necessary. Among 
the earlier patients treated with chlorothiazide some have maintained excellent 
responsiveness to this drug over periods of more than a year. Others with very 
severe heart failure have become much less responsive after only 1 or 2 months 
of therapy. Most cardiac patients have been managed very well by intermittent 
dosage schedules, usually 3 days on 1 or 2 Gm. of the drug daily, alternating with 
3 or 4 days off. We have given supplemental potassium therapy only to those 
patients taking the drug continuously over prolonged periods. 

Our results with the drug in cirrhotic patients have been unimpressive. 
We have no ready explanation for this. The poor response obtained in the hos- 
pitalized patients may have been related to the severity of their disease, but 
the outpatients did not have such severe disease. It has been suggested that 
perhaps cirrhotic edema is due to secondary hyperaldosteronism.> The only 
index that we have of this is the Na/K ratio in the urine, and it is of interest 
that these ratios were very much lower in the cirrhotics than in the patients with 
congestive failure (Na/K = 0.05 for cirrhotic patients and 1.05 for congestive 
failure patients). 

The most plausible explanation for the instances of acidosis observed in 
the patients with hypertension and renal insufficiency would seem to be sodium 
depletion with further deterioration of renal function so that the patients are 
unable to handle their daily solute load, with the acidosis a manifestation of 
inadequate glomerular filtration. None of the patients has had significant hyper- 
phosphatemia during the acidotic episode, however. An alternative possibility 
may be that this is an effect produced by very high concentrations of chlorothi- 
azide in the renal tissue. Such high concentrations may very well obtain in 
chronic renal disease. The drug is handled predominantly by the kidney and 
appears to be excreted unchanged.‘ Hence, if the number of functioning nephrons 
is reduced to 10 per cent of the normal number, each nephron has to excrete 10 
times the quantity of drug that a single nephron in the normal kidney does at 
the same dosage level. It is hard to go beyond this vague speculation, however. 


One possibility is that this is the result of an added carbonic anhydrase inhibitory 


effect produced only as the concentration of the drug in the renal tissue is in- 
creased. Beyer' demonstrated a considerable increase in urine pH in dogs re- 
ceiving a constant intravenous infusion of chlorothiazide. However, no carbonic 
anhydrase effects have been noted in humans to date, even with doses as high as 


8.0 Gm. per day.’ 
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SUMMARY 


Chlorothiazide has proved to be an excellent diuretic in congestive heart 
failure. In most patients it has maintained its effectiveness after long-continued 
administration. The present study suggests that the administration of the 
daily dosage in divided doses at 3- to 6-hour intervals is more efficacious than 
the same total daily dosage in larger divided doses given less frequently. 

In dosages of 1 or 2 Gm. daily it produced a significantly greater diuresis 
than weekly injections of a mercurial diuretic in a group of ambulatory out- 
patients with congestive heart failure. In a similar study in a group of patients 
with cirrhosis no difference could be shown between 0.75 and 1.5 Gm. daily doses 
of chlorothiazide and weekly injections of a mercurial diuretic, with neither 
form of treatment producing impressive weight loss. 

The use of chlorothiazide in the presence of renal insufficiency was observed 
to be associated in some instances with increasing deterioration of renal function 
and rapidly developing acidosis accompanied by hyperkalemia. 


\{PPENDIX 


Cask 1.—E.K.,a 60-year-old Negro housewife, was first seen in the medical outpatient de- 
partment of The Johns Hopkins Hospital in July, 1955, because of tiredness, exertional dyspnea, 
and ankle edema of about 5 months’ duration. She had been told that she had hypertension more 
than 20 years previously. Physical examination revealed a blood pressure of 230/90 mm. Hg, 
retinal arteriosclerosis, cardiomegaly, and ankle edema. <A chest x-ray showed cardiomegaly 
thought to be due to left ventricular enlargement, and ECG showed left axis deviation and ab- 
normal T waves. The diagnosis was hypertensive cardiovascular disease with congestive heart 
failure and she was placed on digitalis, a low-salt diet, and Raudixin, 300 mg. daily. 

Over the next 214 years the blood pressure varied between 160 and 210 mm. Hg systolic and 
between 80 and 100 mm. Hg diastolic. During this period the renal function became gradually 
poorer, as indicated by a decrease in phenolsulfonphthalein excretion from 55 per cent in 2 hours 
with 30 per cent excreted in the first 30 minutes to 25 per cent in 2 hours with 9 per cent excreted 
in the first 30 minutes. Proteinuria increased during this time and the blood nonprotein nitrogen 


1 
2 
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increased from 33 to 58 mg. per cent. 

Chlorothiazide, 250 mg. three times daily, was added to the patient’s antihypertensive 
regimen. Her subsequent course is shown in Fig. 5. She returned for follow-up one week after 
starting chlorothiazide and then did not return for one month, although she continued to take 
her medicines. When next seen, she was complaining of marked weakness. She was found to 
be acidotic (CO. combining power 11 mEq. per liter), and the serum potassium had increased 
to 7.4 mEq. per liter. The chlorothiazide dosage was reduced to 375 mg. daily with only partial 
reduction of the acidosis and persistence of the hyperkalemia. Consequently, the drug was 
stopped. Since that time the serum sodium has risen to 145 mEq. per liter, but the NPN has not 
returned completely to its former level and the serum potassium remains slightly elevated in the 
range 


Cask 2.—H. M., a 35-year-old Negro woman, was admitted to the Osler Medical Service of 


of 5.5 to 5.0 mEq. per liter. 


The Johns Hopkins Hospital on March 7, 1958, because of marked edema. A diagnosis of dia- 
betes mellitus had been made in 1950, and she had subsequently been regulated on small doses 
of insulin. In 1956, the blood pressure was recorded as 175/100, and the blood nonprotein nitrogen 
as 47 mg. per cent. She was discovered to have proteinuria at that time. This has persisted to 
the present. For about 2 months prior to admission she had noted progressive ankle edema with 
some breathlessness and orthopnea. 

On admission the blood pressure was 200/120. She had Grade III hypertensive retinopathy 
and marked cardiomegaly. Pitting presacral and pretibial edema were present. She had heavy 
proteinuria and the urea clearance was 10 per cent of normal. The NPN was 75 mg. per cent 
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Because of progressive accumulation of fluid she was given chlorothiazide, 2 Gm. daily, as a 
diuretic. The hospital course is summarized in Fig. 6. She developed an acidosis, mild hypona- 
tremia, and hyperkalemia. Because of this, chlorothiazide was discontinued. Following this, the 
CO: combining power returned to normal as did the serum sodium and chloride, despite the fact 
that she continued to lose weight. The NPN, which had risen to 110 mg. per cent, decreased to 
88 mg. per cent prior to discharge. At the time of discharge she was edema-free and the blood 
pressure had decreased to 160/90 while she received hydralazine and reserpine. 

Case 3.—M. H., a 47-year-old Negro man was admitted to The Johns Hopkins Hospital on 
June 14, 1958, complaining of breathlessness of 3 months’ duration. He had been well previously. 
He first noted dyspnea associated with an upper respiratory infection 3 months before admission. 
Six weeks before admission he noted progression of exertional dyspnea. The week before admis- 
sion he noted the appearance and progression of edema of the legs and scrotum. 

Admission physical examination revealed a slightly obese Negro man who was moderately 
dyspneic at rest. The blood pressure was 140/120 mm. Hg; the heart was large with a prominent 
presystolic gallop. Moderate venous distention was evident and the ankles, legs, thighs, scrotum, 
sacrum, and anterior abdominal wall were edematous. 

Urinalysis on admission revealed a 1+ proteinuria. The hematocrit was 39 per cent. The 
blood urea nitrogen was 36 mg. per cent, serum chlorides 99 mEq. per liter, serum sodium 146 
mEq. per liter, CO. combining power 25 mEq. per liter, and serum potassium 3.8 mEq. per liter. 
An ECG showed changes consistent with an old anterior myocardial infarction. 

He was given digitalis, placed on a low-sodium diet, and started on chlorothiazide, 250 mg. 
four times per day. He responded to this regimen with a dramatic diuresis and in 10 days he had 
lost 45 pounds. He had become completely edema free but the turgor of the skin was still generally 
quite poor. Weakness was a prominent complaint at this point in his illness. 

Blood chemical determinations done on the eleventh hospital day revealed a blood urea nitro- 
gen of 74 mg. per cent. Serum electrolytes were: potassium 8.0 mEq. per liter, sodium 138 
mEq. per liter, CO. combining power 17.4 mEq. per liter, and chlorides 108 mEq. per liter. The 
hematocrit on the same day was 49, an increase of 20 per cent over the value obtained on ad- 
mission. Because of the possibility that these changes were the result of sodium depletion pro- 
duced by the chlorothiazide, this drug was stopped and the sodium intake was increased to 5 
Gm. daily. Because of the severe hyperkalemia, 250 Gm. of the cation exchange resin sodium 
polystyrene sulfonate was given. This resulted in a decrease in the serum potassium to 6.3 
mEq. per liter over the next 24 hours. On the increased sodium intake he gained 5 pounds, the 
hematocrit decreased to 42, and the blood urea nitrogen returned toward normal. The serum 


potassium remained slightly elevated and was 6.5 mEq. per liter at the time of discharge from the 
hospital although the COs combining power had returned to 25 mEq. per liter. When seen in 
the outpatient dispensary 6 weeks after discharge, he had remained free from symptoms of con- 


gestive failure on a regimen of sodium restriction and digitalis. He had good renal function as 
demonstrated by a blood urea nitrogen of 15 mg. per cent, phenolsulfonphthalein excretion of 


65 per cent in 2 hours, and a normal intravenous pyelogram. 
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| ECENT reports from Europe!’ ? have indicated that, of a group of substituted 


diphenylpropylamines, the following compound (dextromoramide—formerly 


SKF-d5137, now Dimorlin) is the most active analgesic: 
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d-\-(3-methyl-4-morpholino-2,2-diphenylbutyryl) pyrrolidine tartrate. 
the racemic mixture of dextro- 


have been used extensively in 
3,4,5 


Both dextromoramide and racemoramide 
moramide and its optical isomer, levomoramide 
Europe for acute and chronic pain arising from a variety of conditions. 

In mice, dextromoramide has been shown by the Eddy hot plate method to 
be 6 to 19 times as potent as morphine and 30 to 70 times as potent as meperidine, 
the comparative degree of activity depending upon the route by which the drugs 
are administered and the laboratory where the tests are performed.*:7 Respira- 
tory depression produced in mice by dextromoramide and the excitement pro- 
duced in cats are antagonized by nalorphine. Racemoramide is about half as 
active as dextromoramide; the levo isomer, levomoramide, is inactive as an 
analgesic.®’ Acute toxicity studies in mice have shown dextromoramide to be 
3 times as toxic as morphine and equally as toxic as meperidine when all of the 
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drugs are administered orally. Racemoramide is about 5 times as toxic as mor- 
phine and 1.7 times as toxic as meperidine. Dextromoramide is 3 to 5 times more 
toxic intravenously than orally. Subacute toxicity studies of both dextromor- 
amide and racemoramide over a 5-week period in animals have not demonstrated 
any significant changes in blood, urine, liver, or kidney function, or pathologic 
changes in tissues. 

In an attempt to place dextromoramide and racemoramide in the hierarchy 
of analgesics as they are employed in the United States, we undertook a two- 
phase study, pharmacologic and clinical, in which the analgesic effects of the 
drugs were compared with one another in sick patients and with one another 
and with commonly used narcotic analgesics in healthy subjects. Patients with 
postoperative and chronic pain were used to study analgesic effectiveness. 


PHARMACOLOGIC STUDIES 


Method.—The pharmacologic phase of the investigation was devoted to the 
determination of: (a) analgesic index; (b) incidence and severity of side effects; 


and (c) effects upon the central nervous system and higher brain functions. 


TABLE I[ 


DRUG DOSAGE (MG. ) DOSAGE (MG. ) 


Methadone a Dextromoramide 
Methadone Dextromoramide 
Meperidine Racemoramide 
Morphine Racemoramide 
Placebo lactose Racemoramide 
Dextromoramide fe Racemoramide 


For the determination of the oral analgesic index, 161 healthy, ambulatory 
subjects, all between the ages of 21 and 31, received, in coded capsules, one of the 
preparations in Table I. Double-blind conditions were maintained throughout 
the study. All drugs were in coded capsules, the identity of which was known 
only to the investigator, and one capsule was administered, by random selection 
in ‘‘blocks’’* to each subject by an assistant. A modified Wolff-Hardy apparatus 
was used to determine the threshold of pain at 30-minute intervals. In this 
experiment, the perception of pain was used as the end point and the time, in 
seconds, to produce this pain as the variable factor. The results were recorded 
in terms of an analgesic index (A. I.), calculated as the ratio, t2/t:, where ts repre- 
sents the drug-modified reaction time to the painful stimulus and t, represents 
the ‘‘control” reaction time. For example, the average (reaction) time required 


to produce pain during the control period (t:) was 6.1 seconds; after the ad- 


ministration of placebo the average (reaction) time (ts) for maximum analgesia 


*The small number of subjects in the methadone group is attributable to the fact that the two 


levels of this drug constituted one ‘‘block.”’ 
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was 6.5 seconds. The analgesic index, to/t:, equals 6.5 seconds/6.1 seconds or 
1.07. This study covered a 2-vear period (1957 through 1958) and the results 
are reported in a split table because of a statistical variation in results. 

To gain some idea of the incidence and severity of side effects attending the 
drugs used, all the subjects were asked to report their reactions. 

To determine the effects of large doses of dextromoramide and racemoramide 
on ideation and central nervous system activity, one group of 8 subjects received 
10 mg. of dextromoramide, and another group of 8 subjects received 15 mg. of 
racemoramide, by mouth. One and 2 hours after the drugs were administered 
each subject was given an encephalographic test (4-channel, Grass instrument), 
Rorschach test, and so-called ‘“‘flashing-light”’ test.’ In the flashing-light test, 
subjects are exposed to a single stroboscopic light, the on-off frequency of which 
is variable (in this study from 3 flashes per second to 18 flashes per second). 
Although the mechanism by which certain frequencies of the flashing light pro- 
duce illusions or hallucinations is still not clear, there is little doubt that the 
degree and kind of illusion or hallucination is affected by the subject’s emotional 


and physiologic state. 
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Fig. 1 Comparative analgesic effectiveness of dextromoramide and racemoramide in elevating 
pain threshold in healthy subjects. The ratios of the dosages of racemoramide to dextromoramide are 


plotted against the corresponding maximum analgesic indices 


Results —Yhe maximum analgesic indices of the various drugs used and 
the time of the maximum analgesia are shown in Table II. As can be seen 
from the data, 10 mg. of dextromoramide is statistically indistinguishable from 
100 mg. of meperidine or 10 mg. of methadone. The maximum analgesic 
effect of racemoramide and of dextromoramide occurred sooner than that of 
the other compounds tested. The analgesia produced by 15 mg. of racemoramide 
was no greater than that obtained with a 10 mg. dose. The analgesic results 
obtained with 1.0 me. of racemoramide did not differ from those obtained with 
the placebo. The relative potency of the 2 isomers was calculated by plotting 
the ratio DL. D as a function of the A. I. This ratio refers to the dose of each 


drug producing the same analgesic index. For example, an analgesic index of 
1.5 is produced by a dose of 9.5 mg. racemoramide and 6.5 mg. dextromoramide. 
Hence, DL D equals 9.5 mg./6.5 mg. or 1.46 which is plotted on the graph (Fig. 
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1). By interpolation it was found that, within the limits of the doses employed, 
the potency of dextromoramide is from 1.4 to 2.2 times that of racemoramide. 
The percentage of subjects experiencing one or more side effects and the nature 
of these side effects are shown in Table III. The dose of racemoramide which 
produced side effects in 50 per cent of these subjects (TD5») was interpolated to 
be 2.6 mg. In another study, the TD;) was determined (by the steppage-dosage 
method) in a group of 18 subjects (60 to 80 years of age) of the same average body 
weight as the younger group. All subjects were free of detectable organic disease. 
The mean ‘‘toxic’’ dose (TD59) was found to be 5.7 = 0.9 mg. per individual, 
suggesting that this drug is better tolerated by the geriatric patient than by the 


young healthy adult. In the healthy subjects, 2.5 mg. dextromoramide was 


calculated to be equivalent to 4.6 mg. racemoramide at the TDy;;, indicating 
that the dextro isomer is approximately twice as toxic. In general, side effects 
persisted after analgesia wore off. 


ANALGEsIC INpIcEs (A. I.) At MAxImMuM ANALGESIA (ELEVATION OI 


TABLE II. COMPARATIVE 
PAIN THRESHOLD) IN HEALTHY SUBJECTS 


MEAN 


ORAL NUMBER MEAN MAXIMUM 
MAXIMUM ANALGESIA 


DRUG DOSE OF 
(MINUTES ) 


(MG. ) SUBJECTS (A.L. + S.E.) 


1957 Studies 
Placebo 
Morphine 
Methadone 
Methadone 
Meperidine 
Dextromoramide 

1958 Studies 
Placebo 
Dextromoramide 
Dextromoramide 
Dextromoramide 


Ue SOD UI 


05 
01 
01 
01 


—_. 


04 
01 
01 


bo 


15 

03 
0.01 
<0.01 


Racemoramide 
Racemoramide 
Racemoramide 
Racemoramide 


All of the electroencephalographic tracings showed an increase in alpha rhythm, 
indicative of relaxation. Typical tracings are shown in Figs. 2 and 3. The re- 
sults of the Rorschach and flashing-light tests indicated a greater ease of thought 
production. For example, subjects reported seeing a ‘‘square’’ (representing 
simplicity and primitivity of thought) before these drugs were administered and 
richer 


ng? 


“woven cloth’ (representing a greater latitude of thought, suggesting 
complex formation) as the effects of these drugs reached their peak. 


CLINICAL STUDIES 


Method.—The clinical effectiveness of dextromoramide and racemoramide 


was evaluated in three groups of patients. The duration of drug action was 
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TABLE III TABULATION OF ALL SIDE-EFFECTS EXPERIENCED BY HEALTHY SUBJECTS FOR EACH 
MEDICATION 


DRUGS 


(2.5 MG.) 
(S MG.) 
(10 MG. ) 
(1 MG.) 
(5 MG. ) 
> (10 MG.) 
(15 MG.) 


(10 MG. ) 
(100 MG. ) 


(SO MG. ) 


(30 MG. 


DEXTROMORAMIDE 
DEXTROMORAMIDE 
DEXTROMORAMIDE 
RACEMORAMIDE 
RACEMORAMIDE 
RACEMORAMIDI 
RACEMORAMIDE 


MORPHINE 

METHADONE 
METHADONE 
MEPERIDINE 


PLACEBO 


Total number of sub- 


cee 


jects 


Number of subjects 


with side effects 12 


bo 


Per cent of subjects 
with side effects 


100 | 100 


“I 
So 


Side effects (incidence 
Vertigo 
Drowsiness 
Nausea 
Blurred vision 
Sweating 
Dryness of throat 


— 


Swur tk Un 
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Lightheadedness 
Tiredness 

Nasal itching 
Headache 
Warmth 
Weakness 


Vomiting 


mh bh Go bo 


Generalized pruritus 
Fullness in ears 
Epigastric | 
Numbness 

Euphoria 

linnitus 

Mental confusion 


Tenesmus 


lot il 


determined by how often the patients asked for medication because of pain. 
Analgesia was recorded as either present or absent. 

Group 1: Eighteen bedridden patients (35 to 72 years old) in chronic pain 
were studied in order to obtain a dose-response relationship for the oral form of 
the drugs. The pain suffered by these patients was caused by malignancy, fibro- 
sitis, bursitis, tenosynovitis, arthritis, or contractures. All patients were taken 
off whatever analgesics they had been receiving and were given placebos until 


they complained about a return of pain. Placebo, dextromoramide, or race- 
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Fig. 2.—The effect of dextromoramide (10 mg. per os) upon electroencephalographic tracings. Note that 
the LO tracing is particularly affected A, Control. B, 60 minutes after dextromoramide per os 


B. 


Fig. 3.—Effect of racemoramide (15 mg. per os) upon electroencephalographic tracings. Note that the 
LO tracing is particularly affected. A, Control. B, 120 minutes after racemoramide per os 
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moramide, in 5, 10, 15, and 20 mg. doses, was then given to each patient 
orally, on a double-blind basis in coded capsules. Patients received active medi- 
cation for 12 days and were then placed on a maintenance dose. 

Group 2: The presence and duration of analgesia resulting from a single 
subcutaneous injection of dextromoramide (5 to 20 mg.) was studied in 14 pa- 
tients (31 to 67 vears of age), 8 of whom suffered postoperative pain after major 
surgery under nitrous oxide-ether anesthesia, and in 6 bedridden patients suf- 
fering pain due to malignancy, chronic arthritis, or peripheral vascular disease. 

Group 3: \The effects of long-term administration of the oral forms of dextro- 
moramide and racemoramide were evaluated in 7 patients (39 to 69 years of age) 
suffering amputation neuroma, bronchogenic carcinoma, chronic adhesive pleu- 
risy, or chronic arthritis. Racemoramide was given for 10 months, then dextro- 
moramide for another 7 months, both drugs in dosages of 20 to 40 mg. per day. 
Three of these patients, up to the present time, have been on dextromoramide 
for 14 months. To gain some idea of the addictive liability of the drugs, they 
were periodically withdrawn for several days during which patients were care- 
fully observed for signs of returning pain and or manifestations of an abstinence 
syndrome. 

Results. 

Group 1: Approximately twice as much racemoramide as dextromoramide 
was required to produce complete analgesia in the dose-response group. The 
average therapeutic dose of dextromoramide was 5 to 10 mg.; of racemoramide, 
10 to 20 mg. When therapeutic doses of either drug were used, analgesia occurred 
in 55+ 10 minutes. At the lower average therapeutic doses, duration of analgesia 
was 3.4 + 0.7 hours; at higher doses, it was 4.8 = 1.3 hours. Side effects, con- 
sisting of vertigo, nausea, or drowsiness, occurred in 4 patients (22 per cent) at 
doses of 10 mg. racemoramide or 5 mg. dextromoramide. Three of the 4 patients 


who experienced side effects at the lower dose developed a tolerance to these side 


effects after 6 days of continuous medication. At the highest dosage level of each 


drug, these same side effects were found in 16 patients (89 per cent). 

Group 2: \n the group of patients with postoperative pain, dextromoramide 
was withheld for the first 24 hours. The time for analgesia following a dose of 
5 mg. was 20 + 5 minutes; duration of analgesia was 3.0 + 0.5 hours. In the 
group with chronic pain, relief for every patient was obtained in 15 = 5 minutes 
with a dose of 5 mg.; in 2 patients up to 8 hours of analgesia was obtained. The 
most severe side effect produced by the subcutaneous administration of dextro- 
moramide was respiratory depression. Apnea occurred in 3 patients, 2 women 
and one man. One of the women and the man received 10 mg. of dextromoramide 
subcutaneously; the other received 20 mg. A marked decrease in respiratory 
rate occurred within 20 minutes after the drugs were administered. All 3 patients 
responded promptly to 5 mg. of nalorphine given intravenously. 

Group 3: In patients receiving dextromoramide and racemoramide for 
long periods, no case of primary addiction and only one case of secondary ad- 
diction was found. Secondary addiction was evident in a 53-year-old white 
woman with ovarian cancer who, after developing tolerance to morphine and 
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meperidine, also rapidly developed tolerance to racemoramide, her dosage re- 
quirements increasing, over a period of 13 weeks, from 10 mg., three times daily, 
to 45 mg., every 2 hours. Racemoramide also relieved this patient of morphine 


withdrawal symptoms. An abstinence syndrome developed when racemoramide 
was withdrawn. 

The side effects experienced by patients in these three groups, although 
similar to those experienced by the healthy subjects described earlier, were less 
severe and less frequent; they appeared to abate considerably, disappearing in 
many patients, as dextromoramide and racemoramide continued to be admin- 
istered. 


DISCUSSION 


What follows, although specifically directed toward the more active agent, 
dextromoramide, holds to a large extent for racemoramide as well. 

The results of the studies in healthy subjects and in patients in chronic pain 
leave little doubt that dextromoramide is an extremely potent analgesic, similar 
in its general effects to morphine, meperidine, and other narcotic analgesics. 
The most striking difference between dextromoramide and many other narcotic 
analgesics lies in the drug’s oral potency; dextromoramide appears to be potent 
orally and parenterally. Lasagna, DeKornfeld, and Safar® recently reported 
that the oral analgesia produced by dextromoramide was not significantly dif- 
ferent from that obtained by subcutaneous injection and no great difference was 
found between the 5 and 10 mg. doses when used in obstetrical cases. This 
leveling-off of effectiveness was also confirmed in the present study. Oral potency 
would be of particular value, of course, in the treatment of chronic pain. 

The incidence of side effects among normal ambulatory subjects is high. 
It is well known, of course, that healthy subjects are more prone to side effects 
with many drugs than are bedridden patients. It was found that when the drugs 
were given after a meal, the incidence of side effects was lower. 

Because the number of patients who received dextromoramide for long 
periods is relatively small (7), it is probably too early to make any definite state- 
ment concerning the primary addictive liability of the drug. Certainly, secondary 
liability exists since the abstinence syndrome produced by the withdrawal of 
morphine and other narcotic agents was relieved by dextromoramide. 


SUMMARY 


We have evaluated the analgesic effectiveness of dextromoramide and race- 
moramide (a racemic mixture of dextromoramide and its optical isomer, levo- 
moramide) in normal subjects, in patients with chronic pain, and in patients 
with acute postoperative pain. In addition, we have attempted to determine 
the addictive liability of the drugs in question. 

Both dextromoramide and racemoramide are effective analgesics when 
given either orally or subcutaneously. Dextromoramide is approximately twice 
as potent as racemoramide, per Os. 
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In normal subjects 10 mg. of dextromoramide per os is as effective as 100 
mg. of meperidine per os or 10 mg. of methadone per os in elevating experimental 


pain thresholds. 

The optimum oral dosage of dextromoramide is 5 to 10 mg.; of racemoramide 
10 to 20 mg. The average duration of analgesia produced by either drug ranges 
from 3.4 = 0.7 to 4.8 = 1.3 hours. Occasionally, analgesia of 8 hours’ duration 


has been observed when dextromoramide was administered subcutaneously for 


chronic pain. 

Side effects attending the use of dextromoramide and racemoramide are 
similar to those attending the use of other potent analgesics. In patients with 
chronic pain, tolerance to side effects seems to develop rapidly. 

Although dextromoramide does have potential addictive liability, primary 
addiction was not observed during its prolonged administration to 7 patients. 
Secondary addiction has been observed in one patient receiving racemoramide. 


We wish to thank James C. Munch for the statistical evaluation of the data. 
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A FEW general observations on the therapeutic test in late syphilis and on 
the differential diagnosis between late syphilis and other disease are pertinent 
today in view of the relative unfamiliarity of the younger physician with the 
clinical manifestations of late syphilis. In this situation, a well-informed public 
health officer is in a position to earn the respect of the clinician with regard to 
the care of the individual patient. 

The advent of penicillin has greatly simplified the treatment of syphilis 
complicated by other serious disease. On this point there is complete unanimity 
of opinion. In certain other respects, particularly diagnostic (penicillin may 
mask syphilis and is nonspecific as a therapeutic test), it has further complicated 
the picture. In any event, it has not obviated a sound knowledge of medicine 
particularly necessary when the syphilis is complicated by other disease, or when 
the presenting disease picture may be due to syphilis or any one of a number of 
diseases. The public health officer should be aware of the individual as a whole 
in his consideration of the management of late syphilis. 

As an example, I should like to cite the problem of the differential diagnosis 
between late syphilis and carcinoma. Whenever feasible, biopsy should precede 
the therapeutic test, except where evidence for gumma is overwhelming, as in 
the soft palate or'‘nasal septum. In gastric lesions, laparotomy should precede 
the therapeutic test, as carcinoma is much more common in this situation and 
a spurious therapeutic test with temporary improvement sometimes occurs. 
In liver lesions, the therapeutic test is, however, always justifiable, since, if carci- 
noma has already involved the liver, it is inoperable. On the other hand, one 
should always check the pupils in patients with abdominal pain, and a careful 
history will usually differentiate the gastric crisis from organic intra-abdominal 
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disease. One must also be extremely wary of either surgical or x-ray treatment 
to gummatous lesions as either form of therapy may produce unusually destruc- 
tive spread and disaster. 

On the other hand, it is necessary to avoid that attitude which, for want of 
a better word, | term Wassermannism. It must be recalled that syphilis is still 
a very common disease and that it is often latent. A positive STS or a positive 
test with one of the treponemal antigens does not necessarily mean any more 
than does a positive tuberculin test. It is not permissible to assume from a posi- 
tive laboratory report that the presenting clinical manifestations are necessarily 
of syphilitic origin, and a familiarity with the clinical manifestations of late syphi- 
lis is a sine qua non for proper management of the individual. As an example, 
I might cite the frequent presence in syphilitic individuals of rheumatic heart 
disease. Very often a careful history will elucidate the fact that a murmur had 
been diagnosed before the patient had been infected with syphilis. Rheumatic, 
as well as syphilitic, heart disease may produce an aortic diastolic murmur. Some 
of the other conditions which may produce an aortic diastolic murmur are hyper- 
tensive and arteriosclerotic heart disease (especially in the older patient), bac- 
terial endocarditis, and, at times, a patent ductus arteriosus. Even hyperthy- 
roidism may produce a functional aortic diastolic murmur. Moreover, in aortic 
insufficiency, a mitral presystolic rumble, the so-called Austin-Flint murmur, 
may make it impossible clinically to differentiate syphilitic from rheumatic heart 
disease. In such a situation, a careful history, electrocardiography, especially 
with respect to P waves and axis deviation, and careful fluoroscopy of the heart, 


especially with respect to left auricular enlargement, may give the correct diag- 
This is often of practical clinical importance, since, if a patient has rheu- 


nosis. 
matic heart disease, particularly with evidence of active rheumatic fever, pro- 
longed penicillin prophylaxis may be in order. 

The treponemicidal drug of choice for all the clinical manifestations of late 
syphilis is penicillin and penicillin alone. Even in neurosyphilis, fever therapy 
is today largely of only historical interest. If a history of previous hypersensi- 
tivity to penicillin is obtained, it is necessary to evaluate carefully this history 
by detailed inquiry to ascertain its validity, and it is also necessary to determine 
by detailed examination of the patient just how important it is to give maximal 
antisyphilitic therapy. It is by evaluation of these two factors on an individual 
basis that the therapy of the individual patient is determined. For instance, it 
is quite easy to decide not to give penicillin to a patient with latent syphilis who 
gives a clear-cut history of generalized urticaria, fever, and arthritic swelling 
from a single injection of penicillin given a year previously for an upper respira- 
tory infection. Such an individual should be treated with one of the broad- 
spectrum antibiotics. On the other hand, in a taboparetic with primary optic 
atrophy and an active cerebrospinal fluid with elevated cell count and protein, 
who gives a similar history of hypersensitivity to penicillin, the proper course of 
action is probably to start the patient on steroids and shortly thereafter begin 
penicillin in adequate dosage, continuing steroids with gradual decrease for a 
week or two after the penicillin course has been completed, then watching carefully 
for possible appearance of allergic reaction and reinstituting steroids should 
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that prove necessary. By the same token, an unanticipated penicillin reaction 
can be treated with steroids if the antihistamines are ineffective. Of course, 
in the acute anaphylactic reaction, the total armamentarium should be brought 
immediately to bear, including intravenous hydrocortisone as well as epinephrine. 

The Herxheimer reaction is not, strictly speaking, a reaction to penicillin 
as it may occur after the use of any rapidly acting treponemicidal drug. This 
reaction is characterized by both a general and a focal component assumed to be 
due to the rapid destruction of large numbers of 7reponema pallidum. The 
generalized febrile reaction is of no great clinical importance provided it is recog- 
nized for what it is. Similarly, in latent, benign late, and visceral syphilis, focal 
Herxheimers are of little practical importance. In cardiovascular syphilis, the 
natural course of the disease includes sudden death and sudden congestive failure. 
If one of these occurs during or soon after treatment there is no way of knowing 
whether there is a true etiologic or merely a coincidental relationship to treatment. 
Even postmortem examination does not supply the answer. The answer comes 
in this instance from clinical experience, for penicillin has been administered to 
many hundreds of patients with clinical cardiovascular syphilis and to thousands 
of so-called latent syphilitics, many of whom have unrecognized aortitis, with 
nothing which could be definitely attributed to therapeutic shock. A few Herx- 
heimer reactions have of course been reported in the literature but, as stated 
above, it is difficult to be certain of their authenticity. 

In neurosyphilis, the Herxheimer reaction is sometimes of great practical 
importance. Its frequency is directly proportional to the elevation of the cell 
count in the cerebrospinal fluid. It is frequent when the spinal fluid is active, 
and infrequent when the spinal fluid is inactive. In paresis, there may be tempo- 
rary exacerbation of the paretic process resulting in delusions, hallucinations, 
or paranoid trends, or status epilepticus may ensue which may terminate fatally. 
In asymptomatic neurosyphilis with an active fluid, a psychosis may tempo- 
rarily appear. These reactions cannot be avoided by the initiation of treatment 
with small dosage but, as a rule, with adequate general medical care, including 
sedation or anticonvulsant drugs as indicated and maintenance of fluid and 
nutritional balance, any temporary ill effects of the Herxheimer reaction can be 
successfully countered. In a paretic patient known to have had convulsive 
seizures previously, anticonvulsant drugs, such as phenobarbital and Dilantin, 
should be given before and during penicillin therapy. In tabes dorsalis, Herx- 
heimer reactions, particularly in the form of exacerbation of lightning pains, are 
not uncommon but ordinarily are not serious. Exacerbations of bladder difficul- 
ties, if they occur at all, do so with much less frequency than they did during 
fever therapy. 

I do not intend to discuss various penicillin treatment schedules recom- 
mended for the treatment of late syphilis, except to say that a total dose of 6 
million units with maintenance of penicillin levels over a minimum period of 10 


days is almost always adequate. In the treatment of late syphilis, serologic 


tests are of little value for determination of cure. There is no evidence indicat- 
ing that reagin titer is a measure of extent or activity of the syphilitic process, 
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although it is true that the average titer is higher in secondary syphilis, paresis, 
gummatous and cardiovascular syphilis than in late latent syphilis, late con- 
genital syphilis, or tabes. 

In late latent syphilis, re-treatment in the absence of pregnancy should not 
be given for persistently positive serologic tests with stabilized titer but only 
for proved or suspected clinical progression or for indubitable verified serore- 
lapse. Similar indications are present for re-treatment in benign late mucocu- 
taneous syphilis. It should be remembered that in osseous syphilis, if sequestra- 
tion occurs, surgical intervention for removal of the sequestrum may be necessary 
for complete healing, and that failure of benign late syphilis to heal under treat- 
ment is usually due to secondary infection, bone sequestration, or, as in gum- 
matous ulcers of the legs and in patients with peripheral arteriosclerosis or varicose 
veins, to a poor vascular supply or stasis. In cardiovascular syphilis, progression 
is the natural course of the disease and re-treatment is of no particular value. 
The proper management of cardiac failure, if present, may be of considerably 
more importance than specific treatment. A truly satisfactory surgical pro- 
cedure for aortic insufficiency has not yet been developed, although, with the 
current interest in open heart surgery, its appearance in the not-too-distant 
future is probable. With respect to saccular aneurysms, the surgical approach 
is today often successful, if done by a properly qualified vascular thoracic surgeon 
in a well-equipped medical center. 

In neurosyphilis, it should be remembered that the clinical results of treat- 
ment are limited by the amount of pre-existing parenchymal damage, since no 
treatment of any kind can repair destroyed nerve cells. No significant further 
clinical improvement can be expected from repeated courses of penicillin or other 


antisyphilitic treatment in well-treated patients whose spinal fluid findings 


indicate persistent inactivity of the syphilitic process as manifested by normal 
cell count and protein. Biologic relapse in neurosyphilis occurs with extreme 
rarity more than 2 years after treatment has produced persistently inactive 
spinal fluid findings. 

The clinical response to treponemicidal therapy in tabes dorsalis is particu- 
larly erratic and, under certain circumstances, ancillary measures assume equal 
importance. The acute gastric crisis is best treated by the administration of 
intravenous fluids and sedation. Atropine may be of some value. Narcotics 
often give dramatic relief but should be used with discretion because of the grave 
danger of addiction. Prefrontal lobotomy may be considered as a last resort 
and, in skillful hands, chordotomy is sometimes of value. Lightning pains may 
usually be controlled with codeine and the ordinary oral analgesics but one of 
the stronger parenteral narcotics may be necessary. In tabetic ataxia, a trained 
physiotherapist may re-educate the patient sufficiently to permit unaided ambu- 
lation. 

Management of the tabetic bladder is of grave concern, since ascending 
urinary tract infection is a frequent complication. Patients should be instructed 
to empty the bladder with the aid of gentle lower abdominal pressure every 3 
hours by the clock. If pyuria is present, appropriate therapy should be insti- 
tuted after cultures and sensitivity tests are obtained. Urologic consultation 
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with estimation of bladder capacity, residual urine and cystometrogram, as well 
as tests of kidney function and pyelography by the intravenous route, are often 
indicated. Transurethral prostatic resection is frequently followed by gratifying 
relief of symptoms since weakening of the vesical neck by surgical means allows 
a weak detrusor muscle to empty the bladder more efficiently. 

In the Charcot joint, surgical therapy is almost always disastrous, and con- 
servative orthopedic bracing with protection of the joint from damage, incidental 
to use, is the proper management. 

In primary optic atrophy which so frequently accompanies tabes, the clinical 
results of therapy are extremely erratic but it is clear that penicillin is just as 
good as fever therapy and that some cases can be arrested. 

There remain two intriguing manifestations of late congenital syphilis upon 
which I wish to comment briefly. The first of these is interstitial keratitis which 
may appear or worsen during or after a full course of penicillin. In early inter- 
stitial keratitis, dramatic response is usual if the adrenal steroids are started 
locally. In later cases, the response to local treatment is poor, and systemic 
steroids together with penicillin should be tried. By this method of therapy, 
even in late cases, the result is sometimes good. 

The second manifestation which I wish to discuss is the nerve deafness of 
late congenital syphilis. This does not respond to penicillin therapy. The scanti- 
ness of postmortem material permits no certain conclusions about the pathology 
or even the anatomic site of the lesion in this condition. In speculating about 
the nature of late isolated nerve deafness in congenital syphilis, | have wondered 
whether it might not be a hypersensitivity phenomenon analogous to interstitial 
keratitis. It was this possibility which induced me to treat the first such patient 
with prednisone in the autumn of 1956. The results of therapy were dramatic 
and the case has been reported in the J.A.M.A., vol. 167, August, 1958. Since 
that time I have had the opportunity of treating a total of 6 patients with the 
nerve deafness of congenital syphilis, with the results carefully evaluated by de- 
tailed and repeated audiometric study before and after therapy in The Johns 
Hopkins Hearing and Speech Clinic. The response to therapy in 4 of these 
patients has been most dramatic. The 2 failures occurred in middle-aged pa- 
tients who had been totally deaf for several decades. It is too early to say whether 
these results will be sustained after treatment has been terminated, but the first 
patient treated has maintained her hearing for at least a year after treatment 
was stopped. These rather startling results have led to considerable interest 
on the part of our otologists, and nerve deafness of other etiology is now being 
referred for evaluation, with occasional entirely unpredictable satisfactory results. 

May I conclude with the hope that these few remarks stimulate you and 


other physicians whom you may subsequently influence to a continued and in- 


creasing interest in clinical venereology? 
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N THE last decade we have witnessed a spectacular growth in the field of 
physical medicine and rehabilitation.” This growth has been particularly 
gratifving in terms of its implications of an increased societal awareness and sensi- 
tivity toward the problems of the physically disabled. There has been a steady 
increase in terms of facilities, free-standing as well as affiliated with general 


hospitals, which have had as their prime aim the restoration of the physically 
disabled to some realistic measure of their former global functioning within the 


limits of their remaining abilities as well as their untapped potential.'® While 
this is the ideal aim, it has been pointed out that many patients, who could benefit 
from therapeutic programs, simply are unable fully to avail themselves of the 
help offered to them.! Many good reasons of a psychological nature, such as 
situational depression, premorbid character structure, and secondary gain, may 
underlie this inability to participate wholeheartedly.” The one main cause that 
has been cited most frequently is that of inadequate or insufficient motivation." 
Without a fair degree of motivation, the patient is unable for the most part to 
participate actively in the rehabilitation process. Since the majority of blocks 
in this area, aside from disability-imposed limitations, are of a psychological 
nature, psychotherapeutic intervention has been used.* Individual and group 
psychotherapy has been suggested and attempted with varying degrees of suc- 
cess.*: This effort, however, has proved to be too lengthy and time-consuming. 
For this service, these measures, although to some extent successful, proved to be 
too impractical since the average stay for the patients on the service is about 3 
months. It is readily apparent that there was a need to explore more rapid 
means of activating patients to participate in the rehabilitation process. We 
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IPRONIAZID IN REHABILITATION OF DISABLED PERSONS 


selected iproniazid (Marsilid) for this purpose, following a number of promising 
studies on its “‘energizing’’ properties.‘ This drug is reported to be a potent 
inhibitor of monamine oxidase and to cause an accumulation of serotonin in 
brain tissue. This theoretically results in a stimulation of the central nervous 
system.'* Numerous papers on varied types of population reported mood and 
behavioral improvement when treatment was extended for at least 2 months.*:"! 
It is reported that patients appeared more cheerful and manifested greater degree 
of physical and mental activity following drug dosages which ranged from 10 mg. 
to 200 mg. per day. In a more recent paper, de Verteuil’ found that even for 
shorter treatment periods, ranging from a minimum of 14 days, iproniazid proved 
to be similarly effective. The major difficulty encountered by these workers seem- 
ed to lie in the wide range of toxic side effects that accompanied the drugs used. 
Symptoms such as dizziness, constipation, hyperreflexia, neuralgia, postural hypo- 
tension, and jaundice were most frequently encountered. It was thought possible 
that these more serious consequences could be eliminated, or at least minimized, 
if patients were selected judiciously and followed closely medically, using the 
minimum drug dosages that were effective for the individual patients. 

The following report presents the results of a pilot study to determine the 
effectiveness of iproniazid in increasing motivation and performance in a small 
sample of physically disabled patients. The approach was multidisciplinary 
and the data offered are from the medical behavioral and the psychological points 


of view. 
METHODS AND PROCEDURES 


The sample consisted of 20 inpatients, 11 women and 9 men, whose average 
age was 56.2 years. Several diagnostic groups were included to allow for possible 
differential responsiveness. The population ranged from acute brain damage to 
simple fractures. The duration of disability averaged 7 months, but the average 
was increased by the much greater duration in the patients with multiple sclerosis 
and Parkinson’s disease. The main criteria for selection of patients to be in- 
cluded in this study lay in the staff prognostic assessment. This assessment 
was arrived at through the initial evaluation for admission to the Physical Medi- 
cine and Rehabilitation Service, as well as subsequent re-evaluation, where the 
patient was seen by the entire staff, and tentative, realistic, and attainable goals 
were set. If the patient repeatedly fell short of accomplishing these prognostic 
goals because of factors that could be generally considered due to low motivation, 
the patient was considered for inclusion in the study. All the patients were 
initially evaluated for medical and psychological status prior to admission to 
the study and were later re-evaluated at the termination of the 6-week trial. 
The sample was divided into two groups, experimental (iproniazid) and control 


(placebo), which were matched as closely as possible in terms of test data and 


of degree, as well as type, of disability. Table I presents the groups’ structure 
in terms of diagnosis. 

The dosage for iproniazid for the first week of the study was 50 mg., three 
times daily. The placebo was a tablet identical to the one containing the drug. 
Beginning with the second week, the dosages were cut to a maintenance level 
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TABLE I. DIAGNOSTIC GROUPING 
NUMBER EXPERIMENTAI NUMBER CONTROL 


Cerebrovascular accidents Cerebrovascular accidents 

(left hemiplegia ) (left hemiplegia ) 
Above knee diabetic amputees Above knee diabetic amputee 
Multiple sclerosis Above knee traumatic amputee 
Parkinson’s disease Multiple sclerosis 
Hip fractures Hip fractures 


of 12.5 mg., three times a day, which was maintained until the end of the 6-week 
trial. Efforts were made to keep additional drug intake to a minimum in order 
to evaluate properly the effects of iproniazid. The patient with Parkinson's 
disease, in the experimental group, was the only one to receive any additional 
drugs acting at the level of the central nervous system because of the necessity 
to control tremor and rigidity. In this fashion, it was hoped to minimize the 
possibility of drug potentiation or inhibition by other substances. While par- 
ticipating staff members knew which patients were included in the study, only 
the study coordinator was aware of which patients constituted the experimental 


and control groups. 


MEDICAL FINDINGS 


Performances.—Yo determine the effects of iproniazid at the level of physical 
activity, the sample groups were rated in physical activity as well as in activities 
of daily living by trained therapists. Staff members had daily contact with the 


patients in working with them from the vantage point of their particular disci- 


plines. Patient activity was segmented into relevant areas in order to evaluate 
initial status as well as subsequent progress. In physical therapy, six activity 
aspects were rated: (1) ambulation, (2) exercises, (3) balance, (4) coordination, 
(5) motivation, and (6) mood. In activities of daily living (ADL), seven aspects 
were rated: (1) feeding, (2) transfer activity,* (3) toilet activities, (4) dressing, 
(5) transportation, (6) motivation, and (7) mood. Staff members (physical and 
occupational therapists and a nurse trained in activities of daily living) involved 
with the patients were not changed throughout the course of the study. Compo- 
site weekly scores were tabulated on a 5-point scale which ranged from 0, very 
poor, to 4, which was considered excellent. Final ratings were compared with 
the initial or base rating, which was established for each segment of activity at 
the beginning of the study. This allowed for change in either positive or nega- 
tive directions, that is, a gain or loss. From rated segment areas, two separate 
composite scores were arrived at: (1) the global score, which designated change 
for all the areas listed, and (2) a score consisting only of two ratings in motivation 


and mood and designated as motivation-mood score. 


*Transfer activity means the ability to move from bed to wheel chair, wheel chair to toilet, another 
chair, etc. 
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Although there is no objective measure for many of these activities, the 
experience of the therapists combined with change in ability of the patients to 
function was thought to provide a basis for judgments adequate for clinical 
purposes. 

The results for the experimental and control groups will be discussed and 
indicate the amount of change after the 6-week trial compared to the base rating. 
Table II presents the mean ratings for physical therapy and indicates that there 
was a significant difference in favor of the experimental group in terms of global 
improvement. In the motivation-mood area, there was also an improvement 
but not one which reached a level of significance statistically. It is interesting 
to note that both the experimental and control groups showed movement in a 
positive direction, with the former group showing approximately twice the gain 
of the control group in both the global and motivation-mood scores. 


TABLE II. MEAN RATING FOR GLOBAL AND MOTIVATION-Moop ScoRE FOR EXPERIMENTAL AND 
CONTROL GROUPS IN PHYSICAL THERAPY 


EXPERIMENTAL (N = CONTROL (N 


Global +0.88 


Motivation-mood = 10.55 
*Statistically significant at the 0.05 level 


The ADL mean ratings in Table III similarly show an improvement for 
both groups; however, a statistically significant difference is achieved only in 
the global ratings and not the motivation-mood areas. Again, we note that 
both groups show a gain in the desired direction. Further analysis of our data 
in terms of diagnostic lines to see if specific groups of disabilities tended to re- 


spond differentially to the drug failed to reveal any differences. Thus, all the 


patients included in the study showed improvement in functional ability but 
the experimental group was obviously more proficient in ambulation and ac- 
tivities of daily living, such as dressing, feeding, and transfer. 


TaBLe III. MEAN RATING FOR GLOBAL AND MotivATION-Moop CHANGE IN ACTIVITIES OI 
DaAILy LIVING 


EXPERIMENTAL (N = 11) CONTROL (N 9) 


Global +1. 30 +0). 66 
Motivation-mood +0). 82 +0.76 


*Statistically significant at the 0.05 level. 
Table IV presents the means of the Wechsler-Bellevue scores for the verbal, 


performance, and full scale intelligence quotients for the pre- and post-iproniazid 
trial. The data show that the experimental group made slight and insignificant 
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gains in mean scores for the verbal, performance, and full scale intelligence quo- 
tients. The control group, on the other hand, demonstrated a greater amount 
of variability over the interval between testing, with the verbal IQ showing a 
significant gain. The positive change in most scores for both groups is readily 
attributable to what seems to be a practice effect, that is, improvement in score 
due to simple repetition of the test. It is interesting to note that the gain is 
much less than had been expected. This in large measure is probably due to the 
age difference between this sample and those of other workers who have found 


significant gains with repetition, ranging from 8 to 15 points for the verbal, 
performance, and full scale 10.17 The significant gain in verbal IQ for the control 


group appears to be due to diminution of the mental confusion that accompanied 


the cerebrovascular accidents of 2 of the patients. 


Paste TV. WECHSLER-BELLEVUE MEAN IQ’s FOR EXPERIMENTAL AND CONTROL Groups BEFORE 
AND AFTER IPRONIAZID 


BEFORI DIFFERENCE 


Experimental V 89.! 
(N 11 Ege, UR 
FS 87.! 


V 80.: 
P 90 
FS 87 


‘Statistically significant at 0.05 level 


Subtest scores similarly showed some minor variability but, on the whole, 
revealed no specific pattern in either the pre- or post-drug trial. The poorest 
showing for both groups occurred in digit symbol and digit span; however, this 
seems to be a function of the age of the group and its diminished learning, at- 
tention, and concentration, as well as memorizing capacity. 

Using Jastak’s'® Index of Motivation, which is derived by a number of the 
Wechsler-Bellevue subtests, specifically the digit symbol, the digit span, and 
the arithmetic items, we found no significant differences between experimental 
and control groups. 

Personality testing was accomplished by use of the Rorschach Ink Blot 
Test employing the following scores: R, W, D, M, FM, FC, CF, FC’, F+%. 

Quantitative assessment of the data revealed that no single determinant 
mean showed sufficient change to reach a level of statistical significance. Simi- 
larly, no distinguishable pattern was noted in either group for any of the profile 
determinants referred to, nor in the other scorable determinants obtained in the 
protocols. 

From the test material point of view, the differences between the pre- and 
post-drug conditions are slight. For the most part, the patients in both groups, 
both before and after iproniazid, were minimally productive, and their range of 
ideas tended to be narrow and commonplace. Their thinking for the most part 
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tended to be over-concrete. Emotional tone was dysphoric, with attitudes and 
modes of reactivity in interpersonal situations being essentially passive and 
compliant. 

As a group, the entire population presented dynamic elements that were 
consistent with a clinical diagnosis of inadequate personality, with the major 
symptoms being those of a reactive depression. This depression, for the most 
part, had as its focus the specific disability and the concomitant stress it generated 
in both the psychological and physical spheres. 

Throughout the study interval, the patients were informally interviewed 
as to their perceived progress. Similar inquiries were made of the ward personnel 
concerning the particular patients on the study, in an effort to ascertain if be- 
havioral changes were detectable in leisure time activity. The patients’ verbal- 
ized self-assessment revealed little in the way of perceived gain. Gains cited 
by the patients were predicated on remarks of other staff members or comments 
by families on visiting days. Throughout, the patients’ estimate of gains in 
such activities as gait training, feeding, and transfer, tended to be minimal. 
It was further observed that the patients as a whole failed to show any out- 
standing mood swing that could be attributed to the effect of the drug per se. 
What changes in mood were observed seemed to be more a function of extrane- 
ous factors, such as receiving or failing to receive prosthetic devices when ex- 
pected. Similarly, family visits or the failure of family members to come on 
visiting days seemed to cause the most observable as well as the most prolonged 
changes in mood. 

Only one case, a patient with a long history of Parkinson’s disease, responded 
spectacularly with a diminution of her pervading and incapacitating anxiety. 
This change became manifest after 2 weeks of treatment with iproniazid. She 
became noticeably more at ease and cheerful in her manner, more able to relate 


to those about her with warmth and spontaneity. 


COMMENT 


The significant gains in performance which the patients demonstrated in 
g g I I 


physical activity and activities of daily living, such as dressing and transfer, 
failed to be reflected at the level tapped by our psychological testing. In part, 
this can be attributed to features of the testing per se. By definition, the under- 


lying theory of most nonspecific tests, as contrasted to specific aptitude types, 
is not to forecast how an individual will function in a given specific situation, 
but rather how, on an average, he may be expected to function in a series of 
situations over a period of time.'* Furthermore, the tests utilized in this study 
tend to reflect the more basic and pervading features of personality substrate 
and structure as opposed to the more transient states of the organism. In the 
light of the findings of several workers, this failure to detect specific or relative 
change through indirect synthetic instruments is not unusual. Allport? similarly 
concludes that even the most pressing and apparently significant changes in 
relatively recent motivation states may fail to reveal themselves by indirect 
methods such as projective testing. Another strong possibility that should be 
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considered to account for the discrepancy between the physical gain and the test 
finding may lie in the patients’ attitudes toward their disability and their ability 
to perceive change in their disability status. Their subjective perception may 
be less discriminating than the objective and the impartial eyes of professional 
staff who, by virtue of training and experience, are more sensitive to the nuances 
of gain or loss in patient activity. The patient, on the other hand, being more 
intimately involved, may fail to notice the lesser and more modest gains that are 
the building blocks of rehabilitation. 

Another possibility that could have caused these negative psychological 
test findings, as well as negative findings for mood and motivation, may lie in 
the relatively short duration of the drug trial and the relatively small quantities 
of the drug used. Consequently, the alleged wider mood effects that have been 


reported by other writers have not become fully manifest in our study at either 


the behavorial or psvchological test level. 

Notwithstanding this difficulty, the fact remains that the group as a whole 
did make progress in the sphere of physical activity, as determined by the staff. 
Aside from the expected gains under normal circumstances, iproniazid seemed 
to have given a further impetus to their recuperative progress in our rehabilitation 
program. Furthermore, this gain in physical and functional activity was sig- 
nificantly superior to the controls in the areas tapped, that is, global change. 
Thus, the essential goal, that is, the patient’s rehabilitation, even where moti- 
vation is low, seems to be furthered by using this drug, regardless of the fact 
that the increased performance is not reflected in psychological testing. How- 
ever, it must be emphasized that the test series is small and the study a prelimi- 


nary one 


SUMMARY 


1. Eleven disabled patients with low motivation for rehabilitation were 
given iproniazid for 6 weeks to see if motivation could be improved. The control 
group consisted of 9 patients who received placebos. 

2. Both experimental and control groups showed gains in performance 
ability, but the experimental group made much greater progress than the control. 

3. Neither group showed any appreciable change in motivation, as de- 
termined clinically and by psychological testing. 

4. A further larger scale study is indicated to see if ability to function can 


be regularly improved in disabled patients with low motivation. 
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Book Review 


EAT WELL AND STAY WELL. By Ancel and Margaret Keys. Garden City, N. Y., 1959, 
Doubleday & Company, Inc. Pp. 359, indexed. Price $3.95. 


This book was written to meet a practical need of the professional and the general public 
for information about the relationship between coronary heart disease, cholesterol in the blood, 
and the character of the diet. The first section discusses basic nutrition, fats and oils, overweight 
and obesity, scientific reducing (including calorie balance and deficit), energy, and diet. One 
would wish that physicians concerned with the treatment of overweight and obese patients would 
review the few chapters dealing with these subjects. The discussions of the fats and oils is techni- 
cal to the point that the general public would have difficulty in understanding. The advice given 
is summed up as follows: (1) Do not get fat; if you are fat, reduce. (2) Restrict saturated fats, 
the fats in beef, pork, lamb, sausages, margarine, solid shortenings, and fats in dairy products. 
(3) Prefer vegetable oils to solid fats, but keep total fats under 30 per cent of your diet calories. 
(4) Favor fresh vegetables, fruits, and nonfat milk products. (5) Avoid heavy use of salt and re- 
fined sugar. (6) Good diets do not depend on drugs and fancy preparations. (7) Get plenty of 

ise and outdoor recreation. (8) Be sensible about cigarettes, alcohol,excitement, and busi- 
ness strain. (9) See vour doctor regularly and do not worry. 

Phe authors also state, ‘‘The main purpose of this book is not merely to provide a guide to 
good nutrition at a low total fat level; almost equally important is the proper selection of the fats 
vou eat.’’ To this end the last half of the book is devoted to a discussion of the various groups of 
foods and the preparation of these foods in attractive and exotic ways using oils low in saturated 
fatty acids. Menus for the four seasons and holidays, and menus low in calories are included. 
\ll of the menus are supported by recipes that do not involve large amounts of saturated fats. 
No food items are completely forbidden; adjustment of quantities is the suggestion. Meat fats, 
margarine, lard, solid shortening, butter, and milk fat are reduced or replaced with liquid cooking 
ind salad oils. The food faddist and fad diets are debunked and justification is given for this. The 
diets and menus are basically sound from the standpoint of nutrients. The menus have appeal 
for the gourmet, the change seeker, the retired individual who has little to do, but to the busy 
individual with interests other than eating, ‘potted calves’ hearts’? might be too complicated. 

Scientific evidence justifying the recommendation of a low fat diet low in saturated fatty 
icids is cited. Some of the studies reported have been done on man, others on animals. It is 
not always clear which studies are used to arrive at the recommendations. 

This book could be definitely recommended to the patient with coronary disease where the 
physician feels that a reduced fat intake would be beneficial. Tables in the book are valuable 
for the information on the fatty acid content of foods. The book while certainly readable for the 
professional would be heavy going for the average citizen. 

Janette Carlsen 


Announcements 


FLUID AND ELECTROLYTE SYMPOSIUM 


Guest Epiror, ARNOLD S. RELMAN, M.D. 


To appear later this year in The Journal of Chronic Diseases 


TENTATIVE CONTENTS 


The Metabolism of Magnesium and Its Possible Role in Clinical Disorders. Earl S. Barker, 
University of Pennsylvania. 

The Symptoms and Signs of Fluid and Electrolyte Disorders. D. A. K. Black, University of 
Manchester, England. 

Clinical Disorders of Water Excretion. H. E. deWardener, St. Thomas's Hospital Medical 
School, London. 

Calcium and the Kidney. Franklin H. Epstein, Yale University School of Medicine. 

Aldosterone: Clinical and Physiologic Significance. John H. Laragh, Columbia University 
College of Physicians and Surgeons. 

Electrolyte Disorders in Renal Disease. William B. Schwartz, Tufts University School of Medi- 
cine. 

Hyponatremia. Belding H. Scribner, James Burnell, and Richard Paton, University of Wash- 
ington, Seattle. 

Effects of Adrenal Steroids on Water, Electrolyte, and Acid-Base Metabolism. Donald W 
Seldin, University of Texas, Dallas. 

Chronic Potassium Depletion. Louis G. Welt and Walter Hollander, University of North Caro 
lina, Chapel Hill. 


ARTHRITIS AND RHEUMATISVE FOUNDATION AWARDS 


The Arthritis and Rheumatism Foundation offers predoctoral, postdoctoral, and senior 
investigatorship awards in the fundamental sciences related to arthritis for work beginning July 1, 


2 


1960. Deadline for applications is Oct. 31, 1959. 


These awards are intended as fellowships to advance the training of young men and women 
of promise for an investigative or teaching career. They are not in the nature of a grant-in-aid 


in support of a research project. 
The program provides for three awards: 


1. Predoctoral Fellowships are limited to students who hold a bachelor’s degree. Each 


applicant studying for an advanced degree must be acceptable to the individual under whom the 


81 


J. Chron. Dis. 
July, 1959 


ANNOUNCEMENTS 


These fellowships are tenable for one year, with prospect of renewal. Stipends 


work will be done 
range from $1,500 to $3,000 per year, depending upon the family responsibilities of the fellow. 


are limited to applicants with the degree of Doctor of Medicine, 


2. Postdoctoral Fellowships 
These fellowships are tenable for one year, with 


Doctor of Philosophy—or their equivalent. 
prospect of renewal. Stipends range from $4,000 to $6,000 per year, depending upon the family 
responsibilities of the fellow 

3. Senior Investigator Awards are made to candidates holding or eligible for a ‘faculty 
rank" such as instructor or assistant professor (or equivalent) and who are sponsored by their 
institution. Stipends are from $6,000 to $10,000 per year and are tenable for five years. 

\ sum of $500 will be paid to cover the laboratory expenses of each postdoctoral fellow and 
senior investigator. An equal sum will be paid to cover either the tuition expenses or laboratory 
expenses of each predoctoral fellow. 

For further information and application forms, address the Medical Director, Arthritis 
ind Rheumatism Foundation, 10 Columbus Circle, New York 19, N. Y. 


